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Summary.—This report considers in detail the design of aerofoils by Lighthill’s exact method, in which the velocity
over the aerofoil surface is prescribed as a function of the angular co-ordinate on the circle into which the aerofoil
may be transformed. The mathematical basis of the method is set out, means for obtaining desired characteristics
for the aerofoil are developed, and the procedure to be followed in the actual design is fully discussed. Various
special functions are introduced to increase the range and practical utility of the velocity distributions ¢btainable,
and these and other functions are fully tabulated. The calculations for the design of a particular thick suction
aerofoil are set out in detail.

1. Introduction.—Lighthill has presented in R. & M. 2112' a new method for the design on
aerofoils. It enables the velocity distribution over the aerofoil surface in two-dimensional
incompressible flow to be prescribed arbitrarily, provided certain integral relations are satisfied.
The velocity is taken as a function of the angular co-ordinate 6 on the circle to which the aerofoil
corresponds, in the conformal transformation between the region outside the aerofoil and the
region outside the circle. It is shown that the logarithm of the velocity, and the direction of
flow on the aerofoil surface, are Fourier conjugate functions of §. This enables the aerofoil
shape to be calculated. The method is exact, in that there are no approximations or restrictions
as to lift coefficient, thickness, or camber, but numerical integration is necessary to obtain the
co-ordinates of the aerofoil surface.

A full exposition of the method is given in R. & M. 2112}, and a large number of examples
are worked out. The present report extends the analysis slightly in certain directions, but its

main purpose is to develop special terms which may be incorporated in the velocity distribution

to produce certain desired characteristics, and to provide a list of the Fourier conjugates and
various associated integrals of functions which are in general use. The practical procedure
recommended for the design of an aerofoil is also fully discussed.

The principal feature of Lighthill’s method is that it does not attempt to determine completely
the relationship between the aerofoil and circle planes; it merely seeks to establish enough
about it to enable the aerofoil shape to be calculated, and the aerodynamic characteristics of
the aerofoil to be found. The method is very flexible and can produce aerofoils of widely
varying types. It affords the only satisfactory means of designing suction aerofoils, which are
required to have discontinuities in the velocity over the surface. If the velocity distribution
chosen is of a simple nature, the calculations can be carried through very speedily, with the aid
of a calculating machine, but the work involved increases rapidly as the selected distribution

* Published with the permission of the Director, National Physical Laboratory.
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becomes more complicated. Only functions simple enough for their conjugates to be evaluable
can be used in prescribing the velocity. As a result the number of disposable parameters is
limited, and for thin aerofoils of conventional form, approximate methods probably give superior
results, unless an exact velocity distribution is partlcularly desired. The method cannot be
used to find the velocity over a given aerofoil, nor can it estimate the effects of modifications to
a designed profile.

The method has numerous further applications. Lighthill employed it in R. & M. 2112! to
design two-dimensional contractions and aerofoils in cascade, and it may also be used to obtain
bends for wind tunnels and to design the suction slot at the same time as the rest of a suction
aerofoil. These and other fresh developments lie outside the scope of the present report.

2. The Mathematical Method.—For the steady irrotational two-dimensional flow of an
incompressible inviscid fluid, there exists a complex potential w = ¢ -+ 4y which is an analytic
function w(z) of the complex variable of position z =% + 4y. ¢ is the velocity potential and
p the stream function.

It follows that

:qe‘_‘ix, .. .. . . . . .. (1)

where ¢ is the magnitude of the fluid velocity and y the direction the flow makes with the x-axis.
u and v are the velocity components in the direction of the axes.

Now if a conformal transformation of the region of flow in the zplane is made to another
region in the (-plane, by means of the transformation function z = g(¢), then w = w{g(¢)}
gives the flow in the {-plane, with boundary conditions to be found from the transformation.

The flow in the {-plane round the unit c1rcle |¢] = 1, with the velocity at infinity unity at an
angle « with the real axis, is given by

= 2 1 . - .. 2
w=~Ce T og ¢, (2)
where 22 is the circulation round the circle,
dw _1(, . 1 } 3
715‘@1(56 fo- . .. .. .. .. (3)
On the circle itself ¢ = e*, and here
é—?-ze‘“’{Zsin(O—oc)—{—x}. . .. .. .- (4)
Thus the velocity over the surface of the circle
‘ dw . 4
= = [2sin (6 —a) +2]|." .. .- .. .. (5)

For » = 0, this shows there are stagnation points on the circle at ¢ = ¢ and § = = + «, as
would be expected.
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Suppose now the region outside the circle is conformally transformed into the region outside
an aerofoil, in the z-plane, by means of an analytic function 2(¢), such that a definite point on
the aerofoil, the trailing edge, corresponds to the point ¢ = 1 on the circle. Alsolet z — ¢ —> 0
as { = w. This ensures that the conditions at infinity are the same in the two planes.

By the Kutta- Joukowsky condition the velocity must be zero on the circle at § = 0, the point
corresponding to the trailing edge. Hence by equation (5) '

% = 2sin «, .. .. .. .. .. .. (6)

and

,‘%":’4sin%cos(g—oc>,. ‘e .. .. .. (7)

In the aerofoil plane let dw/dz = ge~%. On the aerofoil itself ¢ is the surface velocity and

x 1s the direction of the tangent.

dw
dz

_dw 4t

Then g = =T @

On the aerofoil surface @z = ds . e'*, where s is the distance along the surface. Hence on the
aerofoil at incidence «, ignoring for the present the question of sign, from equation (7)

8 o s ,

qa—4smécos<2 o). = . .. .. (8)

o g 0

go_Zsde—s . .. .. .. .. .. (9)

gs=2S040 0
Jo

Now dx = ds cos j, dy = ds sin , hence

yZIZS;?B

__ (2sin @
?C—J A cos y 4o ,

(11)
sin x do .

Consequently if g, is prescribed as a function of the circle co-ordinate 8, the aerofoil contour
can at once be found if 4 is known.

Further from equations (8) and (9)

cos (% — oc)
=9 5 . .. . . .o (12)
cos
so a knowledge of g, implies a knowledge of ¢ at any other incidence.
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Now since 2 — ¢ — 0 as { — w0, we may write

- - U N €
r=ltF a4 (13)
dz _ ¢y a
Hence T 1 AR . (14)
dw, 1 )
Also v a 1 — 72 from equation (3), .. .. .. .. (15)
dw, dw, d¢
and so ik X
—y_lte R 1)
C.d
dw, 1 +a,
and log i T
= E b, —;’ icf” , say, where b, and ¢, are real. .. .. (17)
n=2 '
Now %‘? = goe " *
dw, _ 1 .
hence logTz—logqo—ix. .. . . . .. .. .. (18)

Thus on the circle { = €*°, from equation (17),

o A8

log gy — iy = 2 (b, + ic,)(cos w0 — 7 sin #0).

Equating real and imaginary parts

8

log gy = Z (b, cos nf -+ c, sin #n0)

(34

x = 2 (b, sin #6 — c, cos nd)

2

which are conjugate Fourier series.

~ Hence log g, and x are conjugate functions of 6. Poisson’s integral relating conjugate functions
is

7(0) = 2ln r_n log g,() cot 4(6 — #)dt . .. . o (20)

where the Cauchy principal value must be taken at the singularity ¢ = 6,
4



If log g, is an even function of 9, as in a symmetrical aerofoil, y is an odd function and equation
(20) simplifies to

__sind log go(
7(8) = focose—costdt’ @

and if log ¢, is an odd function of 6 ,

(22)

3

IJ log g4(?) smzfdlf
0COS 0 — cost

in each case the Cauchy principal value being taken.

\

It is seen from equation (19) that the Fourier series for log g, contains terms only with # > 2.
It follows that

A. Jn loggydd =0

B. F_nlogqocoseaw:o. ( .. .. .. .. (238

C. jn loggysin 0 d6 =0 .

Physically, the first of these equations says that the velocity at infinity must be unity, and
the remaining two require that the aerofoil contour shall close up.

The design method is now clear. log g, is prescribed over the aerofoil as a function of 6, with
three arbitrary parameters whose values are determined by equation (283). y is then found
as the conjugate function, and the aerofoil shape is calculated from equation (11) by numerical
integration. The art is to choose a distribution of log g, which enables the design requirements
to be satisfied, and is simple enough to allow the integral for y to be evaluated and the aerofoil
shape to be computed, without undue labour.

When the shape has been calculated the chord is found, and its length is measured. This
turns out to be a quantity ¢ rather less than 4. Now the aerodynamic characteristics of the
aerofoil can be determined.

From equation (6) the circulation is 4= sin «,

hence | CL=8%ZSinoc. . .. . .. oo (24)

The lLift-curve slope 1s 8z/c, and so is rather greater than 2.

For the pitching moment, by Blasius’ theorem, the nose-up moment at zero lift is the real
part of

M:%pj(%)zdz. O 053
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By equation (17), a0y _ g 4 b +2w2 + .o

dz ¢

—ipltie, L 29
since z — { —=>0as { > .
Hence M =1%p . 2a0.2(by + ic,) . . - .. .. (27)
The nose-up moment is therefore — 2mpc, .
But from equation (19), Co = gIZF log ¢, sin 26 46, and hence
C 2 toggss
o= ——5| 0g qpsin 26 46 . .. .. .. .. (28)

For the pitching moment at other incidences, see R. & M. 21121. 1t is there shown that the
aerodynamic centre is at a distance

L <l + 1 J i log g, cos 26 d6> aerofoil chords forward of 2 =0 . .. (29
C TJ—n .
Since 2—(—>0asl—>w
© a,
# C o n=1? ’
which becomes Z—cosf —isinh = 3 a,(cos nf —isinnd) , .. .. (30)

n=1

on the circle where ¢ = e*®. Thus z is a Fourier series in # with no constant term. Hence

[ zas=o0. N 7 ¥)

This enables the position of z = 0 on the aerofoil to be found, once the ordinates and abscissae
have been obtained relative to arbitrary axes. The mean value with respect to 6 must be zero

in each case. The position of the aerodynamic centre can then be calculated from equation
(29).

If in computation no constants have been omitted from y, as they may be without affecting
the resulting shape, the aerofoil as integrated is at the no-lift altitude. The incidence « occurring
in equation (24) must be measured from this position.

. Thus practically all the aerodynamic characteristics of the aerofoil can be easily found. The

evaluation of the velocity at points off the surface of the aerofoil is complicated, biit a discussion
of the problem is given in R. & M. 2112%

3. Design at Incidence.—It is now time to turn to the problem of designing an actual aerofoil.
The usual procedure is to employ the method of direct design at incidence, in which the upper
surface velocity is prescribed at an incidence «;, and the lower surface velocity at a lower
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incidence a,. The range of incidence from s, to «, is referred to as the incidence range of the
aerofoil. It follows from equation (12), that on the upper surface

0 ]
cos 5
log g, = log — N + log g1 .
cos (Q — oc1>
and on the lower surface g . .. .. (32)
cos g
log g, = log N + 10g Gas -

Where the upper and lower surfaces join,

) 0
CcOS (-g i OC1> = :I: CcOS <‘Q - OC2) )
and so 0 =0y +og0r 0 =m + o + g .. .. .. .. (33

The upper and lower surfaces join near the nose at 6 = = + o; + «. Itis convenient to
call this point the leading edge, though it may in fact not be the point farthest from the trailing
~edge.

Thus for a cambered aerofoil, the general expression taken for the velocity distribution is

COS%
10g —_0-_—‘, 0(1+a2<9<n+061+0(2
loggo — COS% r .. (34)
+10g—~6——,n+u1+<x2<0<2n+o¢1—|—cx2
COS(Q‘—OQ)
.+ S , 0<8<2x

S is the value of log g¢,, on the upper surface, and of log ¢,, on the lower surface. IfSischosen
as a simple function of 8 over the circle its conjugate can be determined. The conjugate of the
first two terms of equation (84), and their contributions to the integrals of equation (23), are
very important. These are calculated in Appendix II, and listed in Appendix I, both in the
general case and in various special cases such as a, = — «,, for a symmetrical aerofoil, and
«s = 0, for an aerofoil with the bottom of the incidence range at « = 0. The conjugate is

T 1ogx
== .. - .. . .. (85
BT = jox—-l (85)

where T = tan §(0 — o, — &) tan §(«; — ). This integral has been evaluated numerically
and is tabulated in Table 1.




At first sight it may appear difficult to prescribe a velocity distribution in terms of 6 to give
an aerofoil with the required properties. Experience helps considerably. For a flat plate the
transformation to a circle gives x = 2 cos 6, and in most aerofoils x varies rather like cos . The
conjugates of a large number of functions suitable for use in S are listed in Appendix I, and
also the corresponding expressions to be used in satisfying equation (23).

For a symmetrical aerofoil, o; = — oy = «, say, and equation (34) takes the simpler form
0
cos 5 .
log g, = log +S, 0<6<= .. .. (36)

0
in which S = log g, and log ¢, is an even function of 6.

As an example, a low-drag aerofoil may be considered, in which

5|

/A , 0<6<=
}. 37)
l—k(cosﬁ — cos ), 0<»6 <B

Here the velocity is constant at the design incidence back to 6 = g, and thereafter falls steadily.
It is necessary to satisly equation (23). Of the three equations, ¢ holds automatically for a

symmetrical aerofoil. The other two equations, taken over the range [0.x] only, can be written
as follows, using Appendix I.

A Im —k(sin p — B cos f) — n{X(w — 2a) + X(2¢) — X(#)} =0 1

B. — 1 k{26 —sin 28} + kcosBsin B + xsin® « + sin 2alog cot oc—_—OJ . &)

Having chosen « and g to give the required incidence range and position of maximum velocity
these two equations are solved to determine /and 2. X(8) = — }z j: log sin $¢ d¢, and occurs

in many conjugates. It is tabulated in Table 2.

% is now found from Appendix I as

k

7T

sin 3(0 + B)
sS40 —A) |
Finally the aerofoil shape is obtained from equation (11), the integrand being tabulated at

intervals of ¢ suitable for numerical integration. Several aerofoils are worked out in detail in
R. & M. 2112". One of them is shown in Fig. 1.

F(tan o tan £6) — k;ﬁ sin 6 + = (cos 8 — cos g) log (39)

If the same technique is applied to a cambered aerofoil, using equation (34), the aerofoil has
the same velocity on the upper surface at the top of the incidence range, as on the lower surface
at the bottom. This is usually undesirable.

The method employed in R. & M. 2112' to overcome the difficulty involves approximations.
A more satisfactory method is as follows. From equation (34), at 6 = = + «, + «, although
there is continuity of log ¢,, 4(log ¢,)/d6 has a discontinuity of amount

— cot ey — o) = — cot «,, say, .. .. .. .. .. (40)

where oy = 4(o; — o) and is equal to half the extent of the incidence range,
- 8
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Now if S is taken to include terms

m , B8 <a 4+ o+ g — & )
(41)
+{m + oy + ag—0)cotay, @+ oyt g —e<0<a+ oy + ot a,

there is continuity of log ¢, and d(log ¢,)/d0 at 6 = = + «; + o, and also continuity of log g, at
6 ==x + o + oy — ¢, provided that

m = ¢ cot o . . . . . .. . (42)

The effect of this technique is to increase log ¢, on the upper surface by an amount m. The
~upper surface velocity at incidence o, is constant upto 0 =« + o; + oy — . At incidence a,,
the lower surface ve10c1ty rises very slowly between 6 = = + o; + ¢y — sand § =z + o, + oo,
and from then on is constant. Effectively the leading edge has been moved to

6=7'6+0f.1+a.2——8.

Complications arise in satisfying equation (23). s may conveniently be taken as one of the
arbitrary parameters in log ¢,, but the equations are no longer linear. Since cot «, is large,
¢ is small, and a method of successive approximations may be used. Without making use of
equation (42), all the other parameters are eliminated from equation (23), leaving one equation
connecting m and . With ¢ = 0 this equation becomes linear in 7 and can at once be solved,
giving m = m,. Now from equation (42), write ¢ = m, tan o, and a modified linear equation
for m is obtained, yielding a second approximation m = m,, and so on. The process converges
very rapidly, three or four applications sufficing to calculate m to six decimal places. The
remaining parameters can now be found as usual. In Appendix IV, an aerofoil is designed
making use of this technique.

4. The Leading Edge.—It has been pointed out in the discussion of the ¢ technique, that when
using the method of design at incidence, there is a discontinuity in 4(log ¢,)/d6 of amount — cot o,
at the leading edge. The & term only shifts the discontinuity along the surface. Now if a
function has a discontinuity, its conjugate function has a 10garithmic infinity at the same point.
Thus the conjugate of 2, 4 <0 <pu 1is élog |[sin (6 — A)][sin $(6 — &)]| , which behaves like k

T
log (8 — 4) near 6 = 1. The con]ugate of d(logg,)/do is dy/d8, as may be verified by
differentiating the Fourier series (19), and hence dyx/d6 becomes logarithmically infinite at
the leading edge. The curvature of the aerofoil surface = dy/ds = (dy/db) . (d8/ds), so it also
has a logarithmic infinity, since 46/ds remains finite and non-zero. If the discontinuity in
d(log q,)/d8 is small, the effect on the aerofoil shape is probably not serious ; but cot «, is large,
particularly for fairly thin aerofoils. As a result of the zero radius of curvature, a high velocity
peak will form at the nose at incidences above the top of the incidence range, limiting the
maximum lift-coefficient of the aerofoil.

To avoid this, a term must be added to logg¢, to eliminate the discontinuity. Take a new
co-ordinate ¢ measured from the leading edge. Thus ¢ =6 — (= + oy + oy — ¢).

Consider K:Q%cotoc[)“%qsl+cosn¢——%},—%@<¢<%. .. .. (48)
Atg —0, %:i%cotoco, S 77}

as required.




A full discussion is given in Appendix I1I, where it is shown that # = 3 is sufficient to give a
positive radius of curvature at the nose, provided the incidence range is at least 4 deg. Experience
has shown that # = 6 gives a better shaped nose and a reasonably large radius of curvature.
If # is small there is a large reduction of velocity at ¢ = 0, and the term extends over a wide
range of ¢.

_ The conjugate function L, and the Fourier constants are worked out in Appendix III. In
Tables 3 and 4 the function L, is tabulated in degrees, for both symmetrical and cambered
aerofoils. For cambered aerofoils one of the terms of Ly cancels out with the term cot «,X(¢) in

the conjugate of the ¢ term, and so is not included. For symmetrical aerofoils the complete
conjugate is tabulated directly in terms of 6.

It may be noted that there is a second discontinuity of d(log ¢,)/d6 at 6 = &, + «,, of amount
— tan «,. This is small and can be safely ignored, since the aerofoil shape in this region near
the trailing edge is not so important.

The leading-edge term K, was used in the design of the aerofoil shown in Fig. 3. Tt will be
seen that the nose is well rounded.

5. The Trailing Edge—At the trailing edge the aerofoil shape is governed by the type of
velocity distribution. With the normal choice of log ¢, in terms of simple trigonometrical
functions of 0, as for example in equation (87), log ¢, is finite at § = 0, and so ¢, has a non-zero
value there. As a result the trailing edge is cusped. A cusp gives good low-drag properties,
and for most aerofoils no modification is required. When the cusped aerofoil has been designed,
small modifications of shape may if necessary be made over the rear to thicken the trailing edge.
The effect on the velocity distribution further forward is probably no greater than that produced
in any case by the boundary layer over the tail.

If there is to be a finite trailing-edge angle 7, y must have a discontinuity —v at 6 = 0. Since
x is the conjugate of log g,, near 6 = 0

10gq0:£10g0 + P, . .- .. . ..o (45)

where P is a function of 6, finite at 6§ = 0. Thus near § = 0
go=eo. .. .. . .. .. .. (486
A suitable term to be included in log ¢, is

T . TT Tt
- 7] — <<= .. .. .. ..
nlog sin 6 , 2,< < 5 (47)

whose conjugate is given in Appendix I. Experience has yet to be obtained as to the effect of
various choices of P on the shape near the trailing edge.

When v = =, the trailing edge is rounded. The larger P, the smaller is the radius of curvature.
Since this is usually required to be small, P should be chosen to rise rapidly as 8 decreases to 0.
Probably a similar behaviour of P is also desirable when 7 is less than =,

In the normal case, when the aerofoil has a cusp, the usual choice of log ¢ gives similar velocities
on the upper and lower surfaces near the trailing edge. It is sometimes necessary to produce
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negative loading over the tail, by having a smaller velocity on the upper surface than on the
lower.

If [ 1 _sinws, — T <0<0)
2n
logg(]:é_l_sin%@ O<6<f——> « “ - (48)
’ 2n
L+ S , —a<0<a |

at the tail, S must be taken to be 2 greater on the lower surface than on the upper, to give
continuity at # = 0. There are no discontinuities in either log g, or d(log g,)/d6 at 6 = 4 «/2n .
To spread the sharp change of velocity over a reasonable distance of the aerofoil surface, # is
taken to be 6. The conjugate Q; of the first two terms P of equation (48) is given in Appendix I,
and tabulated in degrees in Table 5. It is employed in the design of the aerofoil considered in
Appendix IV.

6. Suction Aerofoils.—The method of design is admirably suited to producing suction aerofoils.
Several are worked out in R. & M. 2111* and 2112'. A distribution of log ¢, is chosen with a

discontinuity % at some point 6 = g. The conjugate y contains a term — Elog | sin 36 — 8) |,
T

and so has a logarithmic infinity at 6§ = 8. The shape of the surface near the discontinuity
is shown in the next section to be approximately a logarithmic spiral, and methods are put
forward for carrying out the integration in the neighbourhood to find the aerofoil co-ordinates.
At this point on the surface, a suction slot is incorporated. Its primary purpose is to remove
the boundary layer, which would otherwise separate owing to the sharp pressure rise, but there
is also an effect on the velocity distribution, known as sink effect. The velocity is increased
in front of the slot and decreased behind it.

For a sink of strength 2am on the circle at ¢ = g, the complex potential of the flow round
the circle becomes

w:ge—m+Zel__m+iKlogz—m{zlog(c—eiﬂ)_logc} L 49)
dw . 1 K 2 1
T o=t m«lg—_—é-ﬁ Hooo e (60)

Proceeding as before, the condition for a stagnation point at § = 0 is

K:Zsinocqtmcotg. .. .. .. .. .. (81)

For a slot on the upper surface, suction produces an increase of circulation and hence of lift.
The nearer the slot is to the trailing edge, the greater the gain. Using equation (51),

%Il = }4 sin % cos <% — oc) + m cosec g sin % cosec G—Eﬁi : .. (52)
Hence if ¢,,, is the velocity with suction at incidence «,
0 |
coS <— — oc) 4
gam 2 w ﬁ b — IB 7
fam — 1 7 4 Z'cosec L cosec - sec — |, .. .. (88)
o oS % 4 2 2 2
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and ggi;” =11 + % cosec g cosec G—E—ﬂ sec (% — oc)

(54)
From these equations it is possible to calculate the modified potential velocity distribution.

The strength of the sink on the aerofoil is 2=m/c where ¢ is the number less than 4 occurring
in equation (24). In the usual aerofoil notation, this sink strength is C, = Q/Uc, where Q is the
volume sucked in unit time, U the stream velocity and ¢ the aerofoil chord.

The effect of suction on the velocity distribution, as given by equation (54), is small except
in the vicinity of the slot, but for an aerofoil with a slot at the nose this sink effect may be

utilised to postpone the stall. In R. & M. 2162° the design of aerofoils to take advantage of
this effect is considered. ‘ :

It is also possible to design the aerofoil to take account of the suction directly. Suppose that
at incidence o with suction, there is a stagnation point behind the slot at 6 = — . From
equation (54),

f—v in P osin?
m_4cos<T oc)smzslnﬁ, o . .. (55)
then equation (53) becomes

Gun __ |SIN 3(0 — f + y) cos (0 —y — 2a)

9o | sin (0 — g) cos 16 (56)
1o —y — 20) '
Also Jam | COS 1 14 , .. .. . .. .. 57
. gOm COoSs %(6 - ')/) . ( )
provided m is so adjusted that y is unchanged, as « varies.
Consider the following velocity distribution.
(o in $(6 — B) cos 46
log | - S 3 : ’ 0<0<2
lsmI0 —p 1) cosko —p) 0 o P
— 1(p — |

|cos L(0 —y — 2a)

L+ S o , 0<o<2n.

By equations (56) and (57), S is the value of log g,,, on the upper surface and of ¢,,, on the lower
surface. The conjugates of the first two terms of equation (58) are given in Appendix I. It is
thus possible to design an aerofoil in which the velocity with suction is prescribed right into the
slot. The slot shape is worked out with the rest of the aerofoil, depending chiefly on the type
of velocity distribution assumed in the slot mouth. For thick suction aerofoils with the slot
well back on the chord, as those in Figs. 2 and 3, the modifications of shape through use of the
method are probably small. ’

AN

7. Practical Notes.—All the necessary material for satisfactorily designing aerofoils to fill a
wide range of requirements has now been set out and explained. It remains to consider various
practical difficulties which may be encountered while actually. carrying out the design.
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The method can very easily provide velocity distributions which, at a certain incidence, are
either flat or changing steadily along the chord. In the first case log ¢ is made constant over a
suitable range of 6, and in the second it is made proportional to cos 6. As pointed out earlier,
x varies along the chord like cos 0, to a good approximation. There should of course be no
discontinuities in the log g chosen, except at the slot of a suction aerofoil, and discontinuities in
d(log g)/d6 should be avoided as far as possible. It is difficult to obtain any required thickness
exactly. The chief factor controlling the thickness is the extent of the incidence range, the two
being roughly proportional for a given type of velocity distribution. It is always necessary
to satisfy equation (23), and for this purpose enough parameters in log g, must be left arbitrary.
If it is desired to prescribe the pitching moment, another parameter must be included to enable
equation (28) to be satisfied. For Cy, other than zero, the value of the chord ¢ must be guessed.
This can usually be done with sufficient accuracy. When the equations have been solved and
the values of the parameters determined, the velocity distribution over the aerofoil can be worked
out. TFrom the maximum velocity it can often be decided what the thickness is likely to be,
making use of previous experience. If the calculated value is unsatisfactory, it is a waste of
time to proceed further with working out the aerofoil shape. The form assumed for log ¢, must be
adjusted, and equation (23) solved afresh, until a satisfactory velocity distribution is obtained.

The conjugate y is now found. If log g, has been chosen in terms of the functions in Appendix I,
this presents no difficulty. Next, the integrands in equation (11) must be calculated at intervals
of 6 suitable for numerical integration. For an aerofoil to be used in practice, seven figure
tables should be used, and a calculating machine is essential. It is convenient to have available
tables of cos 6 and log sin 4 6 tabulated to seven decimal places, for integral values of 6 in degrees.
Factors of y or other terms of the integrand, constant over the whole range of § may be omitted,
but care must be taken to take account of them when evaluating the chord ¢ and the no-lift
angle. In regions where there is a singularity in log ¢,, for example at the leading edge or near
a suction slot, the interval of tabulation should be reduced. Simpson’s rule may then be used
throughout the integration to find the aerofoil shape. This is easily carried out on an adding
machine. Methods of integration involving the repeated taking of differences break down
owing to the awkward behaviour of the differences near the singularity, and it is easier to
calculate a few extra points than to develop and apply a special rule. Simpson’s rule of
integration in the form

3 Z2a
—j ydax =9y, + 4V, + V.. . . .. . .. (59)
alo

gives the co-ordinates at even points of tabulation only. An application of the cubic rule in
the form :

3 Sa 9
Efoydxz-'g{yoJrSy,,+3y2a+y3u} . . .. (680)

gives an odd point, and the co-ordinates cf the remaining odd points follow by Simpson’s rule.
The cubic rule may also usefully be used to check the integrations. The accuracy of the whole
work is shown by whether the aerofoil contour closes up on integrating round the circle. Very
small errors may be smoothed out over the surface.

The sign of the integrand in equation (11) must be viewed with suspicion. The difficulty
is that y has been defined in two ways, firstly as the direction of the velocity ¢, and secondly
as the tangent to the aerofoil in the direction of 6 increasing. These two expressions may differ
by #. At a stagnation point the former alters by = while the latter is unchanged, while at a
cusped trailing edge the reverse is true. In practice there is never any difficulty in deciding
by inspection which sign must be taken in equation (11) to get the aerofoil contour.
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On a suction aerofoil, the integration breaks down near each velocity discontinuity. If
there is just one such point on the aerofoil, it is possible to integrate towards it from both direc-
tions, but the slot position and the accuracy of joining up are not determined. If there are
two or more slots, the integration should be carried out over as much of the surface as possible, -
introducing arbitrary constants where necessary.

For a discontinuity % in log ¢, at 6 = 8, the value of y in the neighbourhood may be written
k
x=x0+;10g16——/3| . .. . .. (61)

where y, 1s continuous near § = . By equation (9), ds/d6 = (2 sin 8)/g,, so if s is measured
from the discontinuity and is small,

S£2sinﬁ

AO=B . (6

" Hence from equation (61), x = + élog s, L .. .. .. .. .. (63)
- ‘

which is the equation of a logarithmic spiral, if variations in y, are ignored. x, has a discontinuity
of £%*/n at 6 = =, so the two branches of the spiral are relatively displaced. If 2*/w = = the
branches coincide, and it follows as an interesting corollary that the maximum velocity
discontinuity theoretically possible is 7.

The theory of the logarithmic spiral can now be applied to provide the following relations.
If the aerofoil co-ordinates at § = 8 + nd, where ¢ is the interval of tabulation, assumed small,
are 2, = %, -+ y,, then ‘

arg{z,b—z_,,}:x,,——tan‘lg, .. .. .. .. .. (64)

where y, is the mean of the values of y at 8§ = — #6 and 6 = 8 + #d. TFor a true logarithmic
spiral these two values would be equal, and this provides an indication if é has been taken small
enough. Also

B _5_—1_»* — (65)
B — Ry m

The slot position z, lies on the line joining z_, and Z 4., at the point dividing it in the ratio e*: 1,
as is seen from equation (62).

This relation, together with equation (64) for » = 1 and for » = 2, and equation (65) for
n = 1, m = 2, usually provides all the material necessary to complete the integration and check
that the contour closes up. Clearly the points z, must be so near the slot that the approximation
to a logarithmic spiral is a close one.

This completes the calculation of the profile. The chord is measured, and the aerodynamic
characteristics of the aerofoil can now be deduced. Several examples are worked out fully in
R. & M. 2112}, and other sections designed on the method are shown in R. & M. 2162* and
21114 1In Appendix IV the design of one particular cambered suction aerofoil is considered in
detail, as an illustration of the various points treated above.
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"APPENDIX I
List of Conjugates

For a function f(6), periodic in § with period 2=, the Fourier conjugate function G(6) is given
by Poisson’s integral as '

G(0) = g || fi#) cot 4o — ) b

T 9n )a

If (9) is an even function of 0, this takes the simpler form

Glo) — _siner @) 4

7w Jo cosO —cos¢

while if f(8) is an odd function of 6 it becomes

G(6) = _lr f(¢) sin ¢ dé .

7 Jo COS 0 — Ccos ¢

The integrals for the first few Fourier constants of f(6), which are required for various purposes
in the aerofoil design are :

J(6) cos 26 d6 ,

tx
I
TR

f(0) sin 26 46 .

—7T

These five expressions and G(6) are tabulated below for a large number of functions f(8).
The terms of G enclosed in square brackets are independent of 9, and may often be omitted.” In
many cases reference is made to the appropriate section of Appendix II, where the method of
evaluating the integrals is demonstrated. Where no such reference is made the integrations
are of a trivial nature.

T
The functions F(T) = gj 1o8% 4, and
wJox?— 1
[/}

X(0) = — 1 j log sin §¢ d¢, occur frequently. These functions are tabulated in Tables 1 and 2

7T Jo
respectively.

k sin (6 — 2) ’

1. £ 4<9 G="log |2 -2V 7%
Lo B A<t <u = 28 |50 16 — a)

15




A = k(p — 1)
B = k(sin g — sin 1) -
C = k(cos & — cos u)
D = }k(sin 2u — sin 24)
E = }k(cos 24 — cos 2u)
2. cos0,i<0<p G=r"" g cos b 4 Sﬁﬂ%(ﬂ—l)l
n sin (6 — p)

+ [ 1 (cos & — cos,u)}
27

A =siny —sin i

{2(p — ) + sin 2u — sin 23}
C = % {cos 2% — cos 2u}

L {sin 3 + 3sinp — sin 34 — 3 sin A}
= % {cos 34 + 3 cos A — cos 3u —SCos,u}

sin 0 lo sin (0 — 4) |

sin $(6 — ) |

3. sinf, A <0 <pu G:—/f_zr_lcosﬂ—i—

4

+[2ln (Sin/l——sin,u)]
A = cos A — cosp
B = } {cos 24 — cos 2u}
C=1{2u — A) —sin2u + sin 21}
D = % {cos3% —3cos A —cos3u + 3cosu}

E=23{3sing —sin3u — 3sin 1 + sin 31}

[

4. cos20,A<0<u G ‘“;v}“sinﬂ —l—%sin“;}“sin((} +"f%£>

cos 26

+ log

A = } {sin 2u — sin 22}
B = % {sin3u + 3sinu — sin 31 — 3 sin 1}

C =%{cos31 —3cosi —cos3u + 3cospu}
16



5.

6.

7.

sin 20, 4 <60 <u

cos 30,4 <6 <u

sin 30, 2 <6 <u

I

D = } {4(p — 2) + sin 4p — sin 41}

= % {cos 42 — cos 4u}

o)

G=-H*" ACOSZG—gSIH‘u cos(@ +’u+/1
2 7
sin 26 sin (6 — 1) ‘ [ . ]
log | S 2(0 — 4) el —
+ -~ log S0 x) + i (sin 24 — sin 2pu)

A = % {cos 24 — cos 2u}

B = % {cos 32 +3cosl———c053u—3cosu}

E =% {4(p — 1) —sindp + sin 44}
G:”_lsinSB +gsin/"_lsin Z;—”

27 7
2 . .

+ =sin2(u — A)sin (6 + 4 + u)
4

sin 4

cos 36 1
o) -
sin (

T

+

’ + [ (05 32 — cos 3;;)}

4 {sin 3u — sin 3/1}

= §${sin4p + 2sin 2u — sin 42 — 2 sin 21}

4=

B

C = % {cos 44 — 2 cos 24 — cos 4u + 2 cos 2u}
D = {5 {sin 5y + Ssiny —sin 54 — 5sin i}
E

= % {c0s 54 — 5cos A — cos Sp + 5cosp}

— 2 9% . u—7 i+
G=-__H*—"4 o — #— 4 6 A
5 cos 3 asm 5 cos(Z - 5 >

7T

~§sin 2(p — A) cos (0 +24 + p)

sin 30 | sin &( ] [ 1 ]
+ - log lsTn—] (sin 3 sin 3u)

4 {cos 34 — cos 3u}

A=
B = § {cos 4% + 2 cos 24 — cos 4u — 2 cos 2u}
17




8.

9.

10.

11.

0,1 < 0<u

cos 30, A <0 <upu

L {2sin 2 — sin4p — 2sin 21 + sin 41}

C =

D = f5{cos 5% + §cos i — cos 5 —Scospj

E=T6{551n/,a—51n5y—551nl + sin 54}

) 1 o |

G = =log|sin= (6 —A) 1og sin (0 — u)
7 2 |
— X(0 — ) + X(6 —p)

A= 32—

B = /,Lsm,u 4+ cosp — Asin A — cos A
C=12cosA —sinid —pcospy + sinp
D = % {2u sin 2u + cos 2u — 24 sin 24 — cos 21}

E =} {24 cos 24 — sin 24 — 2u cos 2p + sin 2u}

1
G — 98 30
43

ks (0 — + ~ (cos % cos %u)

A = 2{sin {u — sin }2}

l

B = % {sin 3p —sin $4i} + sin {px — sin 44

= 1 {cos 4 — cos 3u} + cos 11 — cos ju

D = 1 {sin p —sin §i} + % {sin $u — sin 32}

= §{cos §4 — cos fu} + §{cos §4 — fu}

sin30,2<0<p  G=S0i0 Ezﬁ Eg :3’ + E (sin $2 — sin %M)]
A = 2 {cos 14 — cos }u} .
Bzé{cos 34 — cos §u} — cos 34 + cos $u
C = sin {u — sin $4 — & {sin $u — sin 1}
D = 1 {cos §4 — cos §u} — % {cos 4 — cos §u}
E =1{sin 3y —sin 34} — L {sin §p — sin 4}
{—1—~sin60 =R <0<0; 1—sin6s, 0<0< 12f — Py(6)

G = Qq(0) This is worked out in Appendix II, section 3, and
tabulated in Table 5.
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=0
—0l1 B! _p.
C=2 [ 35 %S 15 = 0 0129526
D=0
E=1-—2c0s% = 0-0257214
8 6
12. logtan 46 , —p <0 <pu ~ This is considered in Appendix II, section 3.
0 log tan 16 sin $(60 + u)
— — F(tan*cot 2 g tan 3 50 +p l
G F("mzco 2)+ w8 i — )
A= — 2 {X(p) + X(zx — u) — X(x)}
B =2sinplogtan iy — 2u
C=0
D = sin 2u log tan 1u — 2sin u
E=0

13. logsin@ , — g <6< This is considered in Appendix II, section 4.

[Sel IS

=1 — 1 J 21 __Z'ﬂ_)_ 2 7
G = 40 2F(tan 2<Q 2)} +8:t2

A= —=log2
B=—2
C=20
-z )
b=-3
E=0

This is considered in Appendix 11, section 5.

sin 1(0 — p)
G =0+ [4]
A=0

B =0
' 19




C=2nsinu
D=0

E = nsin 2u

This follows directly from section 14, above.

G =0+ [(u — 1)
A=0

B = m(cos p — cos 4)
C = a(sinpy — sin )

D = }n(cos 2u — cos 24)

t
I
o=

w(sin 2u — sin 24)

cos (30 — &)
16. log cos (16— w,)

This is section 15 in another form.
G=0 + [a; — o]
A=0
= m(cos 2o, — €OS 20)
C = n(sin 20, — sin 2a;)
D = }x(cos 4o, — cos da,)
E = }n(sin 4o, — sin 4 ot)

7
CoS =

17. log 2 , 0<8 <=, continued as an even function of 6.

0
cos <2~ — oc)
See Appendix 11, section 6.
G = F(tan «tan 10)

)

A= — 22 {X(20) + X(m — 20) — X(m)} =4 j: 11°§ e
B = 2(= sin® « + sin 2« log cot «)

C=0

D = 2sin 200 — = sin®* 2 — sin 4« log cot «

E=0
20



7
cos —

18. log ——5 ——~|» *<06<a +a« Thisisdeduced from sections 16 and 17.
cos <§ — oc>
G = F{tan fotan }(0 — «)} + [3«]
A= —2a{X(a) + X(»x —a) — X(n)}
B = 2sin acos alog cot o + = sin? «
C = 2sin® alog cot Lo — 7 sin « cos «
D = 2sin acos 2 — 4z sin® 200 — 4 sin 4« log cot 1
E=2 siﬁ asin 2o + %z sin 4 — sin® 2a log cot 1a
cos ! ;y
19. log a+y <0<z +a+y.

cos (6 ;y - oc) ,
This follows at once from section 18.
| G = F {tan fatan $(0 — o« — 9)} + [}o]
A= —2a{X(«) + X(mw — o) — X(=)}
B = 2sin acos (« + y) log cot o + = sin asin (« + y)
C = 2sin asin (« + y) log cot & — = sin « cos (« + y)
D = 2sin acos 2(a + y) — 4= sin 2a sin 2(a + »)
— sin 2ec cos 2(a + y) log cot fa
E = 2sin asin 2(a + y) + 4z sin 2« cos 2{a + .y)
— sin 2a sin 2(« + ) log cot i«
6

]
COS — COS —
2

| Bt e<t<mtotoa; +log — |,

—m 4 oy + oy <O <oy + ay. This is a combination of sections 16 and 19.

20. log

Write o, — ot = 20, .
G = F {tan aptan (6 — oy — o)} + [E(oy + )]
A= — 22 {X(20;) + X(z — 2at) — X()}

B = {sin 2a; — sin 20} log cot « + 4w {2 — cos 2a, — cos 20t}
21




C = {cos 2a, — cos 2a, } log cot oy — L {sin 20; + sin 2et,}

D = 2sin 2¢,cos 2(a; + o) — 47 {2 — cos 4oy — cos 4o}
— 4 {sin 4o, — sin 4¢,} log cot «,

E = 2sin 2 sin 2(a; + o) + %7 {sin 4o, + sin 4o}

— 4 {cosda, — cos 4oy} Iog cot o,

APPENDIX II
Evaluation of Conjugates
The notation of Appendix I is used throughout.

1. G is readily evaluated for the functlons of Append1x I, section 2, to Appendix I, section 7,

inclusive, by writing f(£) = {f(¥) (0)} + f(6). The bracketed term is then divisible by
sin (0 — ). ' ‘ .

For example, in Appendix I, section 2,

G(0) = Zi r cos ¢ cot $(0 — ) d¢
T JA
= lj (cos 6 — cos ) cot §(0 — &) dt + —I-J cos 0 cot L(6 —£) d¢
27 p
e e - cos 0 sin 3(6 — 2) |
5 sin 6 + 5 (cos A —cosp) + log Sl — |

For Appendix I, section 9, write
oS 4t = cos £(0 — t) cos 10 + sin (6 — ¢) sin £6 ,
and G can easily be found. A similar technique is used for Appendix I, section 10.

2. Append1x I, section 11, consists of the trailing-edge term, an odd function of 6. The
conjugate Qg is made up of

sin 16 T §< 12)
- 108 in 1 44 ~7—tlo sin 19
sin §<0 + v
_1 in 1
= {H log |sin 6 | — log |sin 1 (0 -+ 12)[ — log |sin ¢ 12)}
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1 f”m sin 6¢ sin ¢

and of
cos @ — cost

f”’lz cos 5¢ — cos 7t gt
0o C0SO —cost

1
2
1 A 7 t . ;

o LI 5<1_2> I 7<ﬁ> [ as given in Ref. 2, Lemma 4.

Hence @, = 1 {2 log |sin —%GI — (1 + sin 66) log \sin %(6 +- 1%)'
T

; s sin(6——s)1£2
+é+£c0566 +23% — ““cossb

. sing (o —
(1 — sin 60) log smz<6 12 s=1 6 —s

This is tabulated against 6 in Table 5.

The Fourier constants are easily found, and are listed in Appendix I, section 11.

3. The conjugate of log tan 16, — u < 8 <p, an even function of 6, is

sin 6 log tan 1¢
9) = — )
G(9) 7 Jocosﬁ—cossﬁ ¢
Write t=tan £, p = tanis,
m = tan 1y . '
Then _ X f’” log ]b

= — F<?> —glogtf:ﬂxz% 7 Writing?% =%

= — F(tan }u cot 46) + llog tan 46 log w, .
sin (6 — p)
4. log |sin 6|, —7-2-Z<6<%, is an even function of 6.
sin @ ™ log sin ¢
9 = — .
G(6) 7 fo cos@—cos¢d¢
Write p=tan ¢, ¢=tan 6. Then asin the previous section,
pz __ 1 ‘ dp
== .16
_ 2 Pt —1
. R &

1 —
=1 1o .
7 ( + 1) g|t+1|+1+t2
23




Hence 1Jzt _1 log l‘dt + tan—1'¢
- Gl "I‘%B.
Writing successively t=tani0, 0 —g: 0,, tandf,=1¢, LP=x,
- —1 21(pg 7
Gy, = 2F{tan 2(6 2)} .
_1p _ 1Fltanz 1 _z T 7
Thus G =130 2FU:em 2(6 2)} +8:l:2.

At 0 = 0, G has a discontinuity of — = . The arbitrary constant is chosen so that G — + =/2
at o = 0.

5. From Appendix I, section 1 the conjugate of 2, — pu <0 <y is Elog

sin (0 —I—,u)l
sin (6 —p) |

Now if f(6) is the conjugate of g(0), the conjugate of g(6) is — ().
sin £(60 + p)

sin $(0 — p)
be zero, to this must be added 2p . #/27 = p.

Hence the conjugate of log

is — @, —p <6 <p. Since the average value must

Further, since changes of = in y are unimportant, the value of G may be taken as y everywhere.

This conjugate may be evaluated directly, but the work is laborious.

Since the function is odd, 4 = B =D =0. C and E are easily found, making use of the
relation

S cos #0 16 — sm n

0COS 6 — cos u smu

6. The conjugate of the even function of 6 whose value for 0 < 6 < = is

cos 2
2

COS <% — OC)

log is given by

d
log 2

Glo) = — sin 0 J” cos C% o oc> dg[; .

cos 0 — cos ¢

COS

24

Writef =tan {0, p =tanlé, a = cot «.
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Then since r Mduﬁ =0,
0Ccos 0 — cos¢
G:%jwlgg_l?“——:ﬂdp, as in section 3,
7T Jo P =1t
_ 2T ("log|1 + P| _? T:-é
=~ jo S dP , where P L L
:lj logIP + T]dP integrating by parts.
TT
aG¢ 1 1 I p
T—;S 1+ P 1P+T+P T/ ¢
2 logT |
CoxTE—1

G is an odd function of 8, hence G(0) = 0.

Therefore G = gj log % dx
. 7T J0 x“ —1
= F(7).
This is tabulated in Table 1.
7]
g cos 5
A= zj log | ——————|d8
0 coS (ﬂ — oc)
2
@ 0
= 25 log tan — d6
0 2

. tan « logx
=), remir

_This form is useful when tan «is given exactly, as the integrand may be expanded in series, to
give

3 5 3 5
A= —4 -{ilog cot « (tan o — tal;) tan > <tan tan + tazns *_ . .)' .

If o is an integral number of half-degrees, it is more convenient to use
T+ 2a . 6
A =2 Jlogs1n2d6~25 Iogsmﬁde,

= — 27 {X(n) — X(n + 20a) + X(2)}

= — 27 {X(2a«) + X(n — 2a) — X(7)} .
25




APPENDIX III
The Leading-Edge Term

K:Q%cotoco{]nqﬂl +cosn¢—%}, ~2—7;<¢ <Q% (IT1.1)
This being an even function of ¢, the conjugate is
cot ay sin 4 S = nt + cos nt —
L=——3. o COSé — COS ¢ (111.2)
. Snm nt —g Sﬂm sin 1(f — ¢)
sin ¢ . mdt: — ") log Wldt.
The contribution of these terms to L is thus
oot dy r’m SL“___) it (I1L.3)
27 Jo sin (¢ + ¢)

By Lemma 4 of Ref. 2, the value of the remaining term is

. . —s —1
sin % b — 7 . _,Sin —=s—1 i3 \I
__cotay cos 7 log ( 2%> " sin ng — 2 22 2n sin (s + 1)¢ . (IIL.4)
‘ 2 2%

— 5, s
For a positive radius of curvature at ¢ = 0, dy/d$ must be positive at ¢ = 0.

The contribution of equation (II1.8) to dL/dé is

COt“OJ {bcot }(t —¢) + Lot 1t + ¢)} dt

2n

___ cota, 1T |1/ ™ ‘_ T
5 {log 51112(.2% ¢>'+log‘51n2(2—n+¢) 2 log sin 2g{>j

cot oy ¢ A
—>.n {log-z- Iogsm,@”

The contribution of equation (I11.4) to dL/dé is ‘

sin (¢ — —)
cot ocnf ( 2n ( 1 TN 1ol KA
T 1M sin ¢ log |—— — COS %¢> cot 3{ ¢ — 3, zcot 3 { ¢ + o))

e )

as¢ —>0. .. . . .. (II1.5)

"2 s + 1 .n—s—1
+§cosn¢ —|—2520%~_§_1 5 7w.cos(s + )z
cot o, j ”E“ s +1 . —s—1 } 0 IT1.6
_>27m'(t4 +2+230%_8_lsm o ntasd —=>0. .. (ITL.6)
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The other main contribution to y in this region is due to the incidence term, and is

F {tan o, tan ¢ + =)}.
For ¢ small this is

n g jcotaa tan 3¢ ]_oﬁdx i . . .. (III7)
7

0 %2 —1

SIS

The contribution to dy/d¢ is

2 log {cot o tan §¢ }

: cot oy . 4 sec? 14
7 cot® oy tan® 44 — 1 2 #

—>—°_°t_9‘9{1ogcota0+1og%1as¢-+0. ...y

7 J

Combining equations (II1.5), (II1.6) and (II1.8) a measure of dy/d$ near ¢ = 0 is

_ cota log sin .~ _cotay log cot a,
7 4n
cot ap | 2?2 s +1 '-%—3—1}
t 7~ 2 Z )
+27z |0 4%+2+ son——s——lsm 2n i
The condition dy/dé > 0 is thus
1 | 22 1 "3 s + 1 o —s —1 .om
—scot. - +Z 4+ 2 X —1 = >1 to,. .. (IILYS
o1 " 4 LR =P e e 8 08 SIN 7, = 08 cot o ( )

It is seen that the left-hand side is a function of # only, while the right-hand side is a function
of oy only. Calculation gives

Left-hand Right-hand
7 side oo (deg) side
2 1-810 1 4-048
3 2-714 2 3-355
4 2-999 4 2-660
6 3-404 8 1-962
9 3-814 12 1-549

# = 3 may be used for o, > 4 deg, » = 6 is sufficient for «, > 2 deg.

2a, is the extent of the incidence range. Thus # = 6 may be used if the incidence range
extends over at least 4 deg.

Ky = —1~cotoc0 J{ 6¢>{ +c056¢-—7_t~"— — < <

5 12 12 {11.10)

12

The conjugate L; is the sum of equations (II1.3) and (III.4), with # = 6. : i
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The following relations are easily derived.

fK6d¢=cotao.3l6<1 —%2)

= — (0-006491682 cot «,

IKGCOng’:qu = cot «, ggcos%—— 1)

= — 0-006476320 cot «,

(IT1.11)
st sing dp = 0
JKS cos 2¢ dp = cot «, -g%sin% — %)
= — (-006430356 cot «,
jKGsin 2% dp = 0 .
In each case the integral is over the complete range [— =/12, #/12].
In R. & M. 2112 a different leading-edge term is given, namely
1 : . @ 7 ,
Kg_z—%cotoco{]smfmﬁl 1}, %<¢ <%. .. .. (I11.12)
Atd =0 Ky — — L cot o Atg = Ky =0
2n 2n
aK aK
7480 = 4 1 cot «, qu—" =0
a’K, a*K, %
_— = . — — T — t .
Tl e g “Ot

The discontinuity is eliminated, but analysis shows that a very large value of % is necessary
to get a positive radius of curvature at ¢ = 0. The conjugate function is troublesome, and
asymptotic formulae have to be used. Another disadvantage is the large discontinuity in

@*Kold$* at ¢ = L =/2n. Both » and cot «, are large, so the shape may be a little awkward in
the neighbourhood.

The term given in equation (43) is

cotoco{"mﬁ’ + coSs n —g , —2%<¢<

JT

2n

1
k=3
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Atg =0 K= —-""2coto, Atg=L7" E=0
\ 4 2n

%
aK 1 aK
d—¢'_i2COt°‘° %?_O
2 &K _
W— QCOtO(U. , W*O

The maximum value of @°K/d¢* is now at ¢ = 0, and there is no discontinuity of 2K /d¢*
anywhere. As shown above, quite small values of » may be used, and it is a practicable
proposition to tabulate the conjugate exactly.

APPENDIX IV
‘Design of an Aeroforl

A suction aerofoil is required with a slot at about 70 per cent chord on the upper surface, an
incidence range extending from o = 0 to as high a value as possible, and a thickness of about
30 per cent of the chord. This type of section would probably be used in an all-wing aeroplane,
so it is also required that C,, = 0. On the lower surface the velocity is to be increasing back
to about 60 per cent chord, to secure a large extent of laminar flow. Thereafter on the chord
the velocity is to fall steadily, at a rate which, it is hoped, will not produce separation.

The velocity distribution selected is

cos%
log—e—— o <0< + a ,
cos (5 — )
vl . 0<0<2a ,
loggy= | +m , p<O<m+ a—e sl .. (IV.L)
+ (n + &« — 0)cot o, T4+ oao—e<0<nm +a ,
— j(cos 6 — cos 6) , 27 — 6 <0 <2x ,
—J(1 —cosé) —k , 0<o<p ,
|+ 3k P(0) , [the trailing-edge term] . |

Here the range of 0 is specified over which each term applies. From the design conditions,
choose o = 15 deg, § = 50 deg, 6 = 70 deg. Behind the slot the distance is greater than is
indicated by the rule x == 4(1 — cos 8), since the velocity is low and ds/d(cos ) is proportional to
1/9,, by equation (9). When this section was designed the leading-edge term was still under
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development, but it was considered that for an aerofoil of this thickness, the logarithmically
infinite curvature at ¢ = z 4+ « — ¢ would not be important. The four parameters /, m, j and
% are left arbitrary to enable equation (23) 4, B and C, and also equation (28) to be satisfied.

For satisfying equation (23) B and C, it is convenient to consider instead the equivalent
equations

J'n log gycos (0 — o) d0 =0

and J.n loggysin (6 — &) d6 = 0.

Call these equations B’ and C' respectively. All the expressions occurring in equation (IV.1)
are given in Appendix I.

From continuity of logg,at 6 = =« + o — ¢, &= mtan %oc . .. . .o (IV.2)

¢ must be found by a process of successive approximation, as explained in section 3. B’, C’ and
equation (28) are first solved with ¢ = 0.

B’ 2 sin 15° log cot 74° — i sin 835° — 17 {— sin 15° + sin 25° + f= cos 15°}
+ 7 cos 70° {sin 85° — sin 15°} — j(1 — cos 70°) {sin 15° + sin 35°}
— k {sin 15° + sin 35°} + 0-0064763% sin'15° + B, =0,
— 0-573576m — 0-830719% — 0-926502]' + 1:049556 + B, = 0. .. (IV.3)

C’ 7 sin 15° + m {cos 35° + 1} + %7 {cos 15° + cos 25° + &= sin 15°}
4 7 cos 70° {cos 85° — cos 157} — j(1 — cos 70°) {cos 15° — cos 35°}
% {cos 15° — cos 35°) + 0-0064763% cos 15° + C,' — 0,
1-819152m — 0-140518% + 0-2290317 — 0-813103 + C,,' =0. .. oo (IV4)

(28) 2 sin 15° sin 30° 4 = sin 60° — sin® 30° log cot 74°

+ $m {cos 100° — cos 30°} — &7 {— cos 30° + 3 cos 70° — 4}

+ 47 cos 70° {— cos 40° — 1} — 37(1 — cos 70°) {1 + cos 80°}

— 3£ {1 + cos 80°} + 0-0128607% -+ M, =0 ,

— 0-519837m — 0-573963%k — 0-0481365 + 0-432096 + M, = 0. .. (IV.5)
B,', C,', M,  represent the extra terms when ¢ = m tan {«.
From Appendix I,

B, = cot fa {1 — cos (m tan o)}

= 7-595754 {1 —cos (7-54318°m)}. .. .. .. .. .. (IV.§)
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C, = —m + cot jasin (M tan L)

— — m + 7-595754 sin (7-54318°m) . .. .. . . .. (IV.7)
M," = {mcos2a — { cot $acos (2& — m tan {o) sin (m tan o)
— 0-433013m — 3797877 cos (30° — 7-54313°m) sin (7-54313°m). .. (IV.8)

Elimination of j and % from equations (IV.3), (IV.4) and (IV.5) gives
0-981944m + 0- 138219B,,;’ + 0-491790C,," — 0-320451M,," — 0-393273 = 0 . o (IV.9)
With B, = C,,’ = M, = 0, this gives m = 0-400504.
Hence from equations (IV.6), (IV.7), (IV.8),

B,’ = 0-010556, C,,’ = — 0-000187, M, = — 0-004953.
With these values, (IV.9) gives m = 0-397496.
Hence B, = 0-010399, C,” = — 0-000181, M, = — 0-004822.
With these values, (IV.9) gives m = 0-397541.
Henée B, = 0-010419, C,;’ = — 0-000182, M,' = — 0-004822.
With these values, (IV.9) gives m = 0-397536.
Hence B," = 0-010419, C,,’ = — 0-000181, M,,’ = — 0-004822.
With these values, equation (IV.9) gives m = (-397536.

The final result is thus

m = 0-397536 ,
e = 2°59-920', = 2-99866°.

From‘equations (IV.3), (IV.4), (IV.5) it now follows that

7 = 0-598405 ,
k= 0-334090 .

Equation (23)a, multiplied by 180/=, gives
— 360 {X(15°) + X(165°) — X(180°)} + 360/ + (180 + 15 — ¢ — 50)m + Lem

_@jsin'ﬂ)" + 707 cos 70° — 507(1 — cos 70°) — 50k = 0, .. .. (IV.10)
JT
from which i = 0-244941.

The velocity distribution is now completely determined. Inspection shows that the values
obtained for the parameters indicate that the aerofoil is likely to be satisfactory.
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From Appendix I, the conjugate of log g, is easily written down as

x = F{tan foctan 3(0 — o)} + = lg}sm Sﬁm—(z:ﬁoc)-F ){

COtz»alongln 30 — 2 —a+e)| +cotda{X(0 —a —a+s&) —X(O0 —n — a)}
3

5 .. 7 cos 8 sin (6 + 6)| , jcosé sin 3(6 + 5)'
9 6 — lo
277 50 w lo sin 10 * x5 sin 46
_ (L —cosd) +ky | sini6 J 15000
— og |sw1n @ — ) + $RQ4(6). . .. . . o (IV.1D)

Substituting the known values, and arranging in a form suitable for computation, this becomes,
in degrees, :

x = F {0-1316525 tan $(8 — 15°)} + 0-167045 Q4(6) — 6-6667 sin 0
+ (25-1295 cos 6 — 8-5948) logy, |cosec (0 + 70°)|
+ (— 25-1295 cos 8 + 39-1593) log,, |cosec %0[
— 47 2587 logy, |cosec 3(6 — 50°)]
+ 435-2047 {X(0 — 192-00134°) — X(6 — 195°)} . L (IV19)

The next step is to select the values of 6 at which the integrals of equation (11) are to be
calculated, to enable the aerofoil shape to be found by numerical integration. The interval
of tabulation is reduced near the leading edge and near the discontinuity. In the latter region
a still closer spacing than that actually chosen might have been desirable. In Table 7, the
results of the computation, carried out using seven-figure tables, are shown. y is tabulated,
and then the integrands of equation (11). For convenience the constant factor 2/e’ is omitted.
The integration is now performed by Simpson’s rule, assisted as necessary by the cubic rule as
explained in section 7, from the trailing edge round the surface in each direction to the slot, to
get the aerofoil co-ordinates » and y. Logarithmic spiral theory shows that the aerofoil contour
closes up satisfactorily and enables the slot position itself to be determined.

The chord length is measured and found to be 71-275 in these co-ordinates. Allowing for
the factor 2/¢’ and for the fact that 5 deg was taken as the unit in performing the integrations,
the true chord length is calculated to be 3-2458. In Table 7, the aerofoil contour is given in
co-ordinates X and Y, in which the chord is of unit length and Ties along the X-axis, and finally
the surface velocity is ‘tabulated at the bottom and top of the incidence range.

The properties of the aerofoil can now be calculated.

The lift coefficient at the top of the incidence range is

8z sin «
CL — -
¢

= 2-004.
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The lift-curve slope. :~_80£ = 7-743.

In the (x,y) co-ordinates the aerofoil would be at the no-lift angle, if no constants had been
omitted from . By Appendix I, the omitted terms are

Fo + ~1—](1 — cos 6)
27

— 11° 54" .

Thus in the (x,y) co-ordiﬁates, the no-lift angle is — 11 deg 55 min. To get the chord line
horizontal in the (X,Y) co-ordinates, a rotation of 9 deg 164 min was imposed. Hence, relative
to the chord line, the no-lift angle is — 1 deg 49 min.

By use of equations (29) and (31) the aerodynamic centre of the aerofoil is found to be at
X = 0-3077.

The thickness of the section is 315 per cent and the position of the suction slot is X = 0-6911.
The whole design fulfils satisfactorily the requirements of the initial specification. The aerofoil
is shown in Fig. 2.
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TABLE 1

T F(T) 4 =2 T F(T) | T F(T) A | —a
0 0 52632 ‘
0-002 | 0-52632 52632 0092 | 11-38836 | oo | 154 | 0-182 | 18-10116 | o010 | 73
0-004 | 095150 | g8 0-094 | 11-56314 | 17578 | 150 | 0-184 | 18-22985 | 153721 73
0-006 | 133852 | Suro2 0096 | 11-73642 | 17928 146 | 0:186 | 18-35681 | 15070 | 72
0-008 1-70076 34389 0-098 | 11-90824 17039 143 | 0-188 | 18-48355 12604 70
0-010 | 2-04458 | 52002 0-100 | 1207863 | 17050 | 142 | 0-190 | 18-60959 | 12007 | 70
0-012 | 2-37372 0-102 | 12-24760 137 | 0-192 | 18-73493 68
0014 | 2-69066 | So000 0-10¢ | 12-41520 | 15780 | 135 | 0194 | 18-85059 | 12200 | 68
0-016 | 2:99716 | 3050 0106 | 12-58145 | 19625 | 139 | 0.196 | 18-98357 | o000 | 69
0-018 | 3-29453 | 29707 0-108 | 12-74638 | 19293 130 |0-198 | 19-10686 | (2500 | 66
0-020 | 358379 20920 799 [ 0110 | 12-91001 | 195551126 | 0-200 | 19-27949 66
0022 | 386576 | oo | 662 [ 0112 | 13:07288 | ., | 125
0024 | 4-14111 | 279851606 | 0114 | 13-23350 | 1SU1% | 123 | 0-200 |19-22049 | 4oono | 410
0-026 | 4-41040 | 20929 558 | 0116 | 13-39389 | 15050 | 119 | 0-205 | 19-58321 | 50872 | 400
0028 | 4-67411 | 205711519 [0-118 | 1855209 | 15570 | 118 | 0-210 | 1983203 | 5077 | 388
0-080 | 4-93263 20502 | 4gs |0-120 | 18-70961 | 15002 | 116 | 0-215 |20-12877 | 2004 | 880
0-220 | 20-42081 368
28836
0032 | 5-18630 | o0, | 453 |0-122 | 18-86597 | .o, | 115 | 0-225 | 20-70917 | pogoc | 358
0034 | 5-43544 | 2000|497 |0-124 | 14-02118 | 139y
0:036 | 568081 | 2ea57 | 402 | 0-126 | 14-17528 | 13810 109 | 0-280 | 20-99895 | o oo | 351
0033 | 592116 | 2209° | 381 |0-128 | 14-32829 | 125011107 |0-285 | 2127592 | 20227 340
0040 | 615820 | 20701 | 362 | 0130 | 14-48023 | 1219% 1108 | 0-240 | 21-55300 | 57757 | 334
: 0-245 | 21-82762 | oo1o3 | 396
0-042 | 6:39162 | poo0c | 344 | 0-132 | 14:63109 | 000 | 106 | 0-250 | 22-00889 | o7t 817
0-044 | 6:62160 | 20981399 |0-134 | 14-78091 | 14202 | 102 | 0-255 |22-36699 | godio | 310
0046 | 6:84829 | 22009 | 313 | 0-136 | 14-92071 | 14889 1 1o
0048 | 707185 | 22050 | 301 |0-138 | 15-07750 | 142791 100 | 0-260 | 22-63199 | o o0 | 802
0-050 | 7-20240 | 22095 | 588 | 0-140 | 15-22420 | 14678 799 |0.965 | 22.80807 | 72000 | 205
0-270 | 23-15300 289
25614
0-052 | 7-51007 | o 400|277 | 0-142 | 1587009 | oo | 94 |0-275 | 23-40014 | 2017 | 283
0-054 | 7-72497 | 21090 | 965 | 0-144 | 15-51495 | 143851 o7 |0.280 | 28-66245 | 22001 | 278
0056 | 7-93722 | 20225 958 | 0-146 | 15-65884 | 14500 | 93 |0-285 | 23:91208 | goo00 | 271
0058 | 814689 | 20997\ 248 | 0-148 | 15-80180 | 1429€ | g9
0-060 | 835408 | 2asg | 239 [ 0150 | 15-94384 | 14201 o1 | 0-290 |24-16080 | oo | 264
0-205 | 2440598 261
24257
0062 | 855888 | o0 | 281 | 0152 | 1608497 | 000 | 90 | 0-300 | 24-64855 | bl | 254
0064 | 876187 | 2050 | 295 |0-154 | 1622520 | 149231 g7 |0-305 | 24-88858 | 00 | 249
0-066 | 896161 | Tooo¢ | 216 | 0156 | 1636456 | 1ooo0 | 87 |0-310 | 25-12612 | 7al0p | 244
0-068 | 9-15969 | oo | 210 |0-158 | 16-50805 | 1oo<> | 86 |0-315 | 25-36122 | goon) | 289
0-070 | 935567 | 19200 | 203 |0-160 | 16-64068 | loaco | 86
- 0320 | 25-59893 | poias | 285
0-072 | 9-54962 | o oo (200 0162 | 1677745 o0 | 82 |0-325 | 2582429 | 23 | 939
0-074 | 9-74157 | 19190 192 |0-164 | 16-91340 | 155%% | 82 |0-330 | 2605283 | 223)% | 226
0-076 | 9.93160 | jgo0 | 186 |0-166 | 17-04858 | 15510 83 |0-335 | 26-27811 | 2231 | 221
0-078 | 10-11977 | 1Sei7 | 182 | 0-168 | 17-18283 | 15350 | 80 |0-340 | 26-50168 | 202 218
0-080 | 10-30612 | 18050 | 179 | 0170 | 17-81633 | 155501 77 | 0-345 | 2672807 | J2g0] | 214
0-082 | 10-49068 174 | 0-172 | 17-44906 79 | 0-350 | 26-94232 211
0-084 | 10-67350 | 15202 | 168 | 0-174 |17-58100 | 151941 77 | 0-355 |27-15946 | 51710 | 204
0-086 | 10-85464 | (50131 164 | 0-176 | 17-71217 157 | 76 [0-860 | 27-37456 | 2200 | 202
0-088 | 11-03414 | 17950 160 | 0-178 | 17-84258 | 15041 | 75 |0.865 | 2758764 | 570 | 201
0-090 | 11-21204 | 17790 158 | 0-180 | 17-97224 | 12661 74 |o0.370 |27.70871 | 20007 | 194
0-002 | 11-38836 | 154 |0-182 | 18-10116 78 | 0-375 | 2800784 | 20918 | 104
' 0-380 | 28-21503 188
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TABLE 1—coniinued

T F(T) A |- T F(T) A |—a| T F(T) A | -
0-380 | 28-21503 188 | 0-50 | 32-68504 525 | 0-76 | 40-01580 |- 286
0:385 | 28-42034 | 20501 | 184 | 0-51 |33-00955 | 0051|508 | 0-77 | 4025138 | 25558 | 981
0-390 | 28-62381 | 50907 | 184 | 0-52 | 33-34898 | 2000 | 494 | 0-78 | 40-48415 | 2007 | 972
0-395 | 28-82544 | 20180 | 181 | 053 | 33-67847 | 29 4g4 | 0-79 | 4071420 | S900% | 266
0-400 | 29-02526 | 19902 | 175 | 0-54 | 38-99812 [ 51995 1471 | 0-80 | 4094159 | 22720 | 260
0405 | 20-22833 | 19807\ 174 | 0-55 | 34-30806 | oo | 457 2

0-81 | 41-16638 255
. 20224
0-410 | 29-41966 | oo | 171 | 056 | 34:61848 | oo | 446 | 0-82 | 4138862 | Zocer | 253
0-415 | 29-61428 | 19702 | 169 | 0-57 | 34-92434 | 0991|435 | 0-83 | 41:60883 | 170 | 248
0-420 | 20-80721 | 193931 167 | 0.58 | 85-22500 | 50156 | 424 | 084 | 41-82556 | 21723 | 43
0-425 | 29-99847 | 19099\ 162 | 059 | 8552322 | 20792 | 416 | 0-85 | 42:04036 | Zioo) | 239
0-430 | B0-18811 | 1596% | 160 | 0-60 | 85-81638 | goio | 404
0-435 30-37615 18645 159 “ 0-86 . | 42-25277 21008 233
0-61 36-10550 98517 305 0-87 4246285 20782 226
0-440 | 30-56260 | o0 | 155 | 0-62 | 36:30067 | 20917 | 385 | 0-88 | 4267067 | 50792 | 225
0-445 | 30-74750 | 18990 1 153 | 0.63 | 36-67100 | P12 1374 | 089 | 4287624 | 20997 | o3
0-450 | 30-93087 | 19357 | 151 | 0-64 | 36-94057 | 27250 | 366 | 0-00 | 43-07958 | 20954 | 215
0-455 | 31-11273 | 18188 1ug | 0-65 | 87-20349 | 27392 3g
0-460 | 31-20311 | 18038 | 17 2 0-91 | 4828077 | |gg00 | 210
0-465 | 31-47202 | 7891 144 | 0.66 | 8749880 | ,opo | 852 | 092 | 4347986 | 19909 | 910
067 | 87-76059 | 20579 342 | 0-93 | 4367685 | 19099 | 205
0470 | 3164949 | .. | 143 | 0-68 | 38-02806 | 29557 | 334 | 0.94 |43-87179 | loact | 202
0-475 | 31-82553 | 17001 | 141 | 0-69 | 38-28309 | 20009 | 330 | 095 | 4406471 | 19292 | 5o
0-480 | 8200016 | 17463 | 139 | 0.70 | 88-54070 | 23671 | 395
0-485 | 32:17340 | 1790 | 136 0-96 | 44:25562 | [ ogqq | 198
0-490 | 32-34528 | 170931184 | 071 | 3879416 | o0, | 814 | 0-97 | 44-4ddss | 155051 190
0-495 | 32:51582 | 14050 | 132 | 072 | 39-04448 | 20032 305 | 0-98 |44-63158 | 1519 | 188
0-500 | 3268504 181 | 073 | 8920175 | 24727 1 999 | 0-99 | 4481678 | 15010 | 188
‘ 0-74 | 89-53608 | 241201995 | 1-00 | 45-00000 185
075 | 39-77736 | 52135 | 989
0-76 | 40-01580 286

Notes on Table 1

T
F(T) = 360 j logx 4

72 Jox®?—1

It occurs in many of the conjugates in Appendix I, and is tabulated directly in degrees. It
is the true conjugate multiplied by 180/=. ‘

Interpolation may be done by use of Bessel’s formula, using the coefficients given in Table 6.
The values should be accurate to 4 decimal places.

For T> 1, use F(T) — 90 — F(%)
For T <0, use F(—T1T) = — F(T)

For T <0-02, interpolation is inaccurate. Use the relation
F(T) — 83-988 {(T 43T Ioglo% +0-43429 (T + %T?’)} .

The terms of higher order are negligible.

.7 logx 72 . . .
The relation J pa— dx = T may be shown directly by contour integration.
0 %2 —
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TABLE 2

|

o | A A2 0 A /2 ] A A2
RN R L R

0 \0 318965 '
1] 0-0318065 | 318965\ 77014 | 46| 04911047 | o | 1142 | 91| 0-6400858 | oonn | 476
2| 0-0560916 | 211951 | 20067 | 47 | 0-4962688 | SISTL| 1115 | 92| 0-6418805 | [S007 | 469
3| 0-0773800 | 212884 | Yge7y | 43| 0-5018214 | 50556 | 1089 | 98| 06436063 | 15000 | 460
4100067810 | 1939191 14031 | 49 | 0-5062651 | 49907 | 1064 | 94 | 0-6454571 | 179051 451
5 01147789 | 10000 | 11179 | 50 0-5111024 | 40308 | 1040 | 95 | 06471728 | qgp) | 446
6| 01316580 9295 | 51 | 0-5158357 1016 | 96 | 0-6488439 434
7| 0-1476004 | 1599951 7053 | 59| 0-5204674 | G5007 1 994 | 97 | 0-6504716 10077 432
8| 0-162766 | 191338 goso |53 | 0-5249097 | 2952%| 973 | 98 0-6520861 | 240 | 419
9| 01772246 | 128800 | 6173 | 54 | 0-5204347 | 42350 | 951 | o9 | 0-6535087 | 20%0| 416
10 | 0-1910678 | 15527 | 5550 | 55 | 0-5387746 | o) | 932 | 100 | 0-6550997 | 15002 | 405
11 | 0-2043550 5042 | 56 | 0-5380213 o11 | 101 | 0-6565602 400
12 0-2171885 | 1270981 4619 | 57 | 05421769 | 30°0% | 803 | 102 | 0-6579807 15008 | 304
13 | 0-2294601 | 139518 | 4950 | 58 | 05462432 | Z000 | 876 | 103 | 0-6593618 | (o | 384
14| 0-2413558 | 118957 | 3050 | 59 | 0-5502219 | 5787 856 | 104 | 0-6607045 | 22| 880
15| 0-2528563 | 119005 | 3685 |60 | 0-5541150 | Sooon | 840 | 105 | 0-6620002 | jolol | 871
16 | 0-2639883 3451 | 61 | 0-5579241 822 | 106 | 0-6632768 366
17 | 0-2747752 | 107899 | 3947 | 62 | 0-5616510 | 5200 | 809 | 107 | 0-6645078 12510 858
18| 0-2852874 | 104221 3060 |63 | 0-5652970 | S54°0 | 790 | 108 |0-6657030 | 112 | 353
19| 02053084 | 101560 | 9809 | 64 | 0-5688640 | 55079 | 776 | 109 | 0-6668629 | 11583 346
20 | 0:3052595 | ooo0l | 9751 |65 | 0-5728534 | Saioic| 761 | 110 0-6679882 | jgo0g | 339
21 | 03148505 2616 | 66 | 05757667 | . 746 | 111 | 0-6690796 334
22 | 0-3241799 | S 5495 | 67 | 0-5791054 | 59987 | 734 | 112 | 0-6701376 | oo | 326
23 | 0-3332508 | 90709 | 2384 |68 | 0-5823707 | SeooC | 717 | 118 | 0-6711630 | 'ooot| 321
24 | 0-3421013 | SS41% 1 Dogo | 69 | 0-5855643 | 1930 706 | 114 | 0-6721563 | gaoo | 816
25| 0-3507146 | 50155\ 9187 |70 | 0-5886873 | otec0 | 693 | 115|0-6731180 | gotl | 308
26 | 0-3591092 2101 | 71 | 0-5017410 680 | 116 | 0-6740489 303
27 | 0-3672087 | S5 9019 | 72 | 05947267 | 20571 666 | 117 | 0-6749495 | o000 | 297
28 | 03752763 | 29826 | log5 | 73 | 05976458 | o191 | 656 | 118 | 0-6758204 | 51091 291
29 | 0-3830644 | 278810 1g75 | 74 | 0-6004003 | 2555\ 64y | 119 o-6766622 | S5 | 284
80 | 0-3906650 | 7900 | 1810 | 75| 0-6082884 | 27091 | 631 |120|0-6774754  Si5% 1 280
31| 0-3080846 | ... | 1749 | 76 | 0-6060144 621 | 121 | 0-6782606 274
82 | 0-4053293 | 72471 1690 |77 | 0-6086783 | Zooo0 | 609 | 122 | 0-6790184 ToS | 269
83 | 0-4124050 | 2077 | 1638 |78 | 0-6112818 | 2000Y | 59 | 123 | 0-6797493 | 5B 263
84 | 0-4193160 | S8 1585 |79 | 0-6138244 | 25001 | 588 | 124 | 0-6804530 | A0S0l 258
85 | 0-4260703 | S1934 | 1539 |80 | 0-6163087 | 24050 | 578 | 125 | 0-6811327 | oLoo | 252
36 | 0-4326698 1491 |81 | 0-6187352 567 | 126 | 0-6817863 247
87 | 0-4301202 | S1901| 1450 |82 | 0-6211050 | 29000 | 559 | 127 | 0-6824152 | o000 | 24
38 | 0-4454256 | 0| 1408 |88 | 0-6234189 | 29189\ 547 | 128 | 0-6830199 | O015 | 237
89 | 04515002 | SL0T0| 1369 |84 | 0-6256781 | 52002 | 538 | 129 | 0-6836009 | 3510|231
40 | 0-4576179 | 502771 1332 |85 | 0-6278835 | 22054 | 531 | 130 | 0-6841588 | 2070 | 225
41 | 04635124 1298 | 86 | 0-6300358 519 | 131 | 0-6846942 229
42 | 0-4602771 | 78| 1961 |87 | 0-6321862 | o000 | 511 | 182 | 0-6852074 | 50°%| 216
43 | 0-4740157 | 259551 1233 |88 | 0-6341855 | 20000 | 501 |133 | 0-6856090 | 018 | 210
44 [ 0-4804310 | 251531 1399 |89 | 0-6361847 | 1990% | 404 | 134 0-6861696 | 700 | 207
45 | 04858264 | 29953 1171 |90 | 0-6381345 | oo | 485 | 135 | 0-6866195 | 4200 | 200
46 | 0-4911047 | ° 1142 | 91 | 0-6400358 476 | 136 | 0-6870494 196
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TABLE 2—continued

|
g 4 42 7 4 42 o 4 42
dog| X0 Mg xe LY e e | L2

136 | 0-6870494 4103 196 151 | 0-6914163 1736 126 166 | 0-6929534 387 59
137 | 0-6874597 3913 190 152 | 0-6915899 1616 120 167 | 0-6929921 331 56
138 | 0-6878510 - 3796 187 153 | 0:-6917515 1499 117 168 | 0-6930252 280 51
139 | 0-6882236 3544 182 154 | 0-6919014 1387 112 169 | 0-6930532 ;34 46
140 | 0-6885780 3369 175 155 | 0-6920401 1280 107 170 | 0-6930766 191 43
141 | 0-6889149 3196 173 156 | 0-6921681 1177 103 171 | 0-6930957 154 37
142 | 0-6892345 3030 166 157 | 0-6922858 1078 99 172 | 0-6931111 119 35
143 | 0-6895375 2867 163 158 | 0-6923936 984 94 173 | 0-6931230 9 30
144 | 0-6898242 5710 157 159 | 0-6924920 393 91 174 | 0-6931319 65 24
145 | 0-6900952 9557 153 160 | 0-6925813 809 84 175 | 0-6931384 43 22
146 | 0-6903509 2409 148 161 | 0-6926622 797 82 176 | 0-6931427 26 17
147 | 0-6905918 ;265 144 162 | 0-6927349 651 76 177 | 0-6931453 "1‘3 13
148 | 0-6908183 5126 139 163 | 0-65928000 578 73 178 | 0-6931466 5 8
149 | 0-6910309 ;990 134 164 | 0-6928578 510 68 179 | 0-6931471 1 4
150 | 0-6912301 1 865 130 165 | 0-6929088 446 64 180 | 0-6931472 0

151 | 0-6914163 126 166 | 0-6929534 59 ,

{

|

Notes on Table 2
1

T

0
X(6) = — 50 log sin 3¢ dt .

Second differences are given to enable interpolation to be carried out by Bessel’s formula,
using Table 6.

For values of 6 outside the range given, use
X(180° + 6) = 2X(180°) — X(180° — 0)
and X(— 0) = — X(0).
X(180°) = log, 2, as may be shown by integrating from 0 to =,
log sin £ = log 2 -+ log sin ¢ + log cos & .

To evaluate {X(«) + X(# — a) — X(=)} when tan « is known exactly, it is often convenient
to make use of the series given in Appendix I1, section 6.

37




TABLE 38

r Az ’ A2 14
e | L@ VR I I A a | P we 4
0 0 82957 0
1 8:2957 | gleot | 362 46 | 2126633 | ,ooo0 | 512 | 91 | 258-1040 | o
2 | 164152 | g0 | 718| 47 | 214-9868 22780 | 4oo| 92 | 278-0181 | ook
3 | 245399 | gt 11063 | 48 | 217-1601 | 22288 | 47 ) o3 | 279.7119 | D58
4| 82543 |ponie 1396 | 49 | 2193352 | 21791 | 460 | 94 | 280-4855 | 219
5 | 404160 | 2000 | 1704 | 50 | 221-4634 | 20232 ueq| 95 | 2812400 | Zop
6 | 48-1175 1901 | 51 | 2935452 448 | 96 | 281-9742
7 55-6198 ;gggg 2244 | 52 | 2955892 %gg;g 443 97 | 282-6895 gégi
8 | 628077 | o110 | 2464 | 53 | 2275749 | 19927 | 4og| o8 | 2833859 | ool
9 | 699202 | L00% |9644 | 54 | 2205248 | 19499 53] 99 | 284-0646 | S27
10 | 76-6963 | g0t | 2775 | 55 | 231-4324 | 19078 | 409|100 | 284-7244 | 9098
11 83-1859 9858 | 56 | 233-2991 406 | 101 | 285-3666
12 | 89-3897 gg?gg 2879 | 57 | 235-1252 | 15261 | 391 | 102 | 285-9912 gggg
13 | 953056 | 20i0) 2826 58 | 236-9122 | 17870 | 559|103 | 286-5002 | Sooo
14 | 100-9389 | 25000 | 2676 | 59 | 233-6603 | 10451 | 375|104 | 2871807 | 250°
15 | 106-3046 | 2yaor | 2334 60 | 240-3700 | 12106 | 573105 | 2s7.7638 | I3
16 | 111-4369 1970 | 61 | 2420442 361 | 106 | o88-3214
17 | 116-3722 j?ggg 1754 | 62 | 243-6814 | 15372 | 5591107 | 2888638 gégg
18 | 12141321 | 3f300 1600 | 63 | 245-2828 | 19014 | 346 | 108 | a2so-ssey | 2T°0
19 | 125-7320 | yoiol | 1474 | 64 | 246-8496 | 13988 | 3440700 | 989-0004 | $0O7
20 | 1801845 | yar2, | 1371 65 | 2483820 | 13324 | ggo| 110 | 200-3050 | oo
o1 | 134-4999 1285 | 66 | 249-8812 332 | 111 | 290-8772
92 | 138-6868 jégg? 1208 | 67 | 251-3472 | 14660 | 3191112 | 991.345 Pt
23 | 142.7529 | goco | 1142 | 68 | 252-7813 | 14341 | a9 0113 | 9017051 | 3319
24 | 146-7048 | 50020 | 1083 | 69 | 2541885 | 12022 | gog| 114 | 202.23%8 | 3577
25 | 150-5484 | 500 | 1031 | 70 | 2555549 | ASTU4 | 506 | 115 | 292-6574 | oo
96 | 154-2889 982 | 71 | 256-8957 097 | 116 | 293-0678
27 | 157-9312 ggigg 940 | 72 | 2582068 }gé}é 205 | 117 | 293-4651 ggzg
98 | 161-4795 | gocco | 901 | 73 | 2594884 | 1216\ g5 1118 | 203.8404 | 359
29 | 164-9877 | 5aoio | 863 74 | 260-7414 | 12580 | o5 1119 | a04.9214 | 3120
30 | 168:3096 | sooee | 833| 75 | 2619659 | 13245 | 75120 | 204-5804 | Sg0u
31 | 171-5982 795 | 76 | 263-1629 974 | 121 | 204-9273
32- | 174-8073 g%g?é 775 | 77 | 264-3325 | 11896 | 966 | 122 | 295-2622 gggg
33 | 177-9389 | 020 | 739 | 78 | 2654755 | 11430 | 964|123 | 2055858 | G100
34 | 180-9966 | ooaay | 724| 79 | 266-5021 | 11168 | 5571194 | 205.8073 | 311
85 | 183-9819 | o900 | 691 80 | 267.6830 | 10998 | 5551125 | 206-1977 | 5904
36 | 186-8981 677 | 81 | 2687484 251 | 126 | 296-4870
37 | 189-7466 | o000 | 648 | 82 | 269-7887 }8?23 234 | 127 | 2967659 | aao0
38 | 1925303 | orool | 638 | 83 | 2708056 | 10169 | D59 198 | 297.0333 | 2979
39 | 1952502 | aaic0 | 610 | 84 | 2717973 | U7 | 53199 | 207.2014 | 2578
40 | 197-9091 | gcocs | 601 | 85 | 2727657 | Soot | 233|130 | 297-5300 | 2420
41 | 200-5079 576 | 86 | 273-7108 200 | 181 | 207-7770
42 | 203-0491 gigig 569 | 87 | 274-6339 gggé 233 1 132 | 298-0049 g%gg
43 | 205-5334 | oy008 | 545| 88 | 2755837 | 5998 | 517|133 | 208.2285 | 2186
44 | 2079632 | 23700 | 539 | 89 | 2764118 | 5781 | 518|134 | 208.4320 | 2094
45 | 2103391 | 22020 | 517 | 90 | 277-2681 | S908 | 504135 | 208.6337 | 2008
46 | 212-6633 512 91 | 278-1040 o1s | 136 | 208-8952

/2

218
203
202
191
203

189
189
177
189
176

176

175
164
165

152
165
152
152

142 .

153
141
142
131
142

131

- 130

123
130
121

120
118
121
111
111

104
110
103
100

96

101
93
92
86

84
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TABLE 3—continued

p 2 ) 2 , A2
&Ly L@ a | ErE ] e O I A R ) a 4
136 298-8252 1851 84 151 300-7913 796 59 166 301-5213 209 26
187 299-0083 1747 84 152 300-8709 744 52 167 3015422 183 26
138 299-1830 1669 78 153 300-9453 694 50 168 301-5605 161 22
139 299-3499 1586 83 154 301-0147 647 47 169 301-5766 142 19
140 299-5085 1509 77 155 301-0794 597 50 170 301-5908 124 18
141 299-6594 1435 74 156 301-1391 559 45 171 301 -6032 105 19
142 299-8029 1365 70 157 301-1943 510 42 172 301-6137 90 115
143 299-9394 1290 75 158 301-2453 471 39 173 301-6227 380 10
144 300-0684 1299 68 159 301-2924 498 43 174 301-6307 68 12
145 300-1908 1155 67 160 301 -3352 3992 36 175 301-6375 57 11
146 300-3061 1094 61 161 301-3744 357 35 176 301-6432 50 7
147 300-4155 1097 67 162 301-4101 395 32 177 301 - 6482 46 4
148 300-5182 967 60 163 301 -4426 291 34 178 301 -6528 49 4
149 300-6149 909 58 164 301-4717 261 30 179 301-6570 39 3
150 300-7058 855 54 165 301-4978 235 26 180 301 - 6609 0
151 300-7913 59 166 301-5213 26

Notes on Table 3

Lg(#) is the conjugate of the leading-edge term, as developed in Appendix III, and is an odd
function of ¢, where ¢ = 6 — K, 6 = K being the leading edge.

L¢'(¢), the function tabulated, is part of Ly(¢) for «,= 7} deg, and is given directly in degrees.
For this value of «,

Lo(¢) = Ly’ (¢) — 435-20465X ().
For other values of «,,

Le(¢) = 0-1316525 cot oy, Lg'(¢) — 57-29578 cot a X(4).

First and second differences are given to enable interpolation to be performed, using the
Besselian coefficients given in Table 6.

The reason for omitting the term containing X(¢) from the tabulation is that it frequently
cancels out with another term of .
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TABLE 4

0
g | L0 | gy | L0 2ol O || L0 | D | IO e | LlO)
0 0 .
1 0-0045 31 0-1480 61 0-3141 91 0-5435 121 0:9465 151 2:1016
2 0-0008 | 32 0-1530 62 0-3208 92 0+5531 122 0-9661 152 21831
3 0-:0140 33 0-1579 63 0-3271 93 0-5625 123 0-9866 153 292711
4 0:-0186 34 0:1633 64 (0-3334 94 0-5731 124 1-0075 154 2-3663
5 0:0232 .35 0-1683 65 (0-3397 95 0-5831 125 1-0294 155 24695
6 0-0279 36 0-1733 66 (0-3469 96 0-5933 126 1:0517 156 2-5822
7 00327 37 0-1783 67 0-3533 97 0-6033 127 1-0752 157 2-7054
8 0-0373 38 0-1838 68 (0-3599 98 0:6150 128 1-0991 158 2-8411
9 0-0418 39 01891 69 0-3665 99 0-6256 129 1-1248 159 2:9912
10 0-0466 40 0-1941 70 0:3740 100 0-6368 130 11502 160 3:1587
11 0-0514 41 0-1993 71 0-3808 101 0-6483 131 1-1774 181 3-3468.
12 0-0560 42 0-2049 72 0-3878 102 0:6599 132 1-2054 162 3:5600
13 0-0606 43 0-2101 73 0-3946 108 0-6720 133 1-2349 163 3-8049
14 0-0654 44 (0-2155 74 04025 104 0:6841 134 1-2651 164 40902
15 0-0703 45 02207 75 0-4096 105 0-6967 135 12972 165 4-4310
16 0:0749 46 0-2267 76 0-4170 106 0-7094 136 1-3301 166 4-8583
17 0-0796 47 0-2321 77 (0-4243 107 0:7226 137 13651 167 5-3989
i8 0-0845 48 02376 78 0-4325 108 0-7358 138 1-4011 168 6-0547
19 0-0893 49 0-2430 79 0:4401 109 0-7497 139 1:4394 169 6:8134
20 0-0941 50 02489 80 0-4479 110 0-7637 140 1-4791 170 76508
21 0-0987 51 0:2546 81 0-4557 111 0-7782 141 1-5213 171 8:5308
22 |. 0-1038 52 0-2602 82 0-4644 112 0-7928 142 1-5652 172 9-4058
23 0-1086 53 02658 83 0-4725 118 0:8083 143 1:-6121 173 10-2142
24 0-1133 54 0-2720 84 (0-4807 114 0-8236 144 1:6610 174 10-8784
25 0'1I81 55 0-2777 85 (0-4889 115 08399 145 1-7132 175 11-2992
26 0-1232 56 02836 86 0-4981 116 0-8562 146 17679 176 11-3454
27 0-1282 57 0-2894 87 05068 117 0-8733 147 1-8267 177 10-8336
28 0:1330 58 02959 88 0:5156 118 08907 148 1-8886 178 9-4744
29 0-1378 59 0-3020 89 0-5244 119 0-9087 149 1-9551 179 6-7014
30 0-1431 60 (-3081 90 0-5344 120 0-9272 150 20257 180 0

Notes on Table 4

Ly(6) as tabulated here is the complete conjugate of the leading-edge term for a symmetrical
aerofoill. It isin degrees, and is given for cot oy = 9.

For other values of «,, the expression must be multiplied by § cot «, .
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TABLE 5

9 6 6" 9

ae | O || o0 [ e || a0 || em | L o

0 |[124-18591]

1 |—49:08250 31 | 0-87204 61 | 0-23249 91 | 0-11690 | 121 | 0-07833 | 151 | 0-06324

2 [—24-56713 32 | 0-81692 62 | 0-22567 92 | 0-11492 {122 | 0-07756 | 152 | 0-06296

3 |—11-12722 33 | 0-76707 63 | 0-21919 93 | 0-11301 | 123 | 0-07682 | 153 | 0-06269

4 | —2.49626 34 | 0-72183 64 | 0-21802 94 | 0-11118 | 124 | 0-07610 | 154 | 0-06243

5 3.29487 35 | 0-68068 65 | 0-20714 95 | 0-10937 | 125 | 0-07540 | 155 | 0-08219

6 7-14583 36 | 0-64306 66 | 0-20153 96 | 0-10764 | 126 | 0-07472 | 156 | 0-06195

7 9-56006 37 | 0-60859 67 | 0-19617 97 |0-10597 | 127 | 0-07407 | 157 | 0-06173

8 10-86246 38 | 0-57698 68 | 0-19105 98 | 0-10435 {128 | 0-07343 | 158 | 0-06151

9 11-28767 39 | 0-54786 69 | 0-18615 99 1 0-10278 | 129 | 0-07281 | 159 | 0-06131

10 11-02183 40 | 052103 70 | 0-18147 | 100 | 0-10126 {130 | 0-07221 | 160 | 0-06112

11 10-22498 41 | 0-49619 71 10-17700 | 101 | 0-00980 | 131 | 0-07163 | 161 | 0-06094

12 9-04494 42 | 0-47320 72 10-17272 {102 | 0.00838 {132 | 0-07107 { 162 | 0-06077

13 7-62871 43 | 0-45184 73 10-16862 | 103 | 0-09700 | 133 | 0-07053 | 163 | 0-08060

14 6-13779 44 | 0-43198 74 | 0-16468 |} 104 | 0-09567 | 134 | 0-07000 | 164 | 0-06045

15 4-79781 45 | 0-41847 75 | 0-16090 {105 | 0-09437 {135 +0-06949 | 165 | 0-06030

i6 3.94527 46 | 0-39620 76 | 0-15728 | 108 | 0-09312 | 136 | 0-06899 | 166 | 0-06017

17 3-35155 47 | 0-38005 77 1 0-15380 | 107 | 0-09190 | 137 | 0.06851 | 167 | 0-08004

18 2-90055 48 | 0-36493 78 | 0-15046 | 108 | 0-09072 | 138 | 0-06804 | 168 | 0-05993

19 2-54405 49 | 0-35076 79 | 0-14726 | 109 | 0-08958 {139 . 0-06759 | 169 | 0-05982

20 225485 50 | (-33746 80 | 0-14418 § 110 | 0-08848 | 140 | 0-08715 | 170 | 0-05973

21 2.01573 51 | 0-32496 81 | 0-14122 {111 | 0-08741 | 141 | 0-06673 | 171 | 0-05964 :
29 1-81505 52 | 0-31319 82 | 0-13836 | 112 | 0-08638 | 142 | 0-06632 | 172 | 0-05956 g
23 1-64454 53 | 0-30209 83 | 0-13561 | 113 | 0-08537 | 143 | 0-06593 | 173 | 0-05949 .
24 1-49817 | 54 | 0-29162 84 | 0-13297 | 114 | 0-08440 | 144 | 0-06555 | 174 | 0-05943 ;
25 1-37144 55 | 0-28173 85 | 0-13042 | 115 | 0-08345 | 145 | 0-06518 | 175 | 0-05938 i
26 1-26083 56 | 0-27239 8 | 0-12796 | 116 | 0-08253 | 146 | 0-06482 | 176 | 0-05934

27 1-16365 57 | 0-26354 87 | 0-12558 | 117 | 0-08164 | 147 | 0-08448 | 177 | 0-05930

28 1-07774 58 | 0-25515 -] 88 | 0-12330 | 118 | 0-08077 { 148 | 0-06415 | 178 | 0-05928

29 1-00139 59 | 0-24720 89 1 0-12109 | 119 | 0-07993 | 149 | 0-08383 | 179 | 0-05926

30 093321 60 | 0-23966 90 | 0-11896 | 120 | 0-07912 | 150 | 0-06353 | 180 | 0-05926

Notes on Table 5

Qs(0) is the complete conjugate of the trailing-edge term, tabulated in degrees, for an upper
surface velocity 2 less than on the lower surface, as in Appendix I, section 12. It is an even
function of 6.

The value at 6 = 0 omits 369 log sin 40. This cancels out with another term of .
-
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TABLE 6
Coefficients of the Second Difference

n ] n n —B " #n —B #n
0-000 1-000 0-090 0910 0-210 0790
0-002 | oo0) | 0-998 005 | o050 | 0-905 0-217 | (0% | 0-783
0-006 | 090 | 0-994 0-100 | 9922 | 0-900 0-224 | '3\ .77
0-010 | 0902 9.900 0105 | 0028 | 0.895 0231 | o0 | 0.760
0-014 | 0908 | 0.986 0-110 | (7053 | 0-890 0-280 | 0% | 0-761
0-018 | 90 | 0-982 0-115 | 002 | 0885 0-247 | 0'0% | 0.753
0-022 | 9°005 | 0.978 0-120 | 9% 1 0.880 0-255 | O | 0.745
0-026 | 0906 | 0.974 0-125 | 0027 | 0.875 0-268 | 08 | 0.737
0-00 | 0607 1 0.970 0-131 | 0928 | 0.869 0-271 | 09 1 0.729
0-05 | 0008 | 0.965 0-136 | 0929 | 0.864 0-280 | 9950 ) 9.720
0-089 | 0008 1 0.961 o-1az | 980 1 o.ss8 0-200 | 991 | 0.710
0-048 | 0019 1 0.957 0-147 | 0081 | o0.853 0-300 | 9:952 ) 0.700
0-048 | 0111 0.952 0-153 | 0952 | o.847 0-310 | 0998 | 9690
0-052 | 9012 1 0.048 0159 | 2933 1 o.841 0-321 | 0% | 0.679
0-057 | 018 | 5.043 0-165 | 0984 | 0.835 0-332 | 0'055 1\ o.668
0-061 | 09\ .93 0-171 | 0935 1 0.829 0-35 | 9958 | 0.655
0-066 | 0018 1 0.934 0177 | 0938 | 0-823 0-358 | 0057 | 0.642
0-071 | 9918 | .92 0-183 | 097 | ¢.817 0-373 | 098 | 0.627
0-075 | 07 | 0.925 0-100 | 098 | 0.810 0-300 | 099 | 0.610
0-080 | 9918 | 0.990 0196 | 903 | 0.804 0-410 | 0:0%0 | 0-590
0-085 | 0019 1 0015 0-208 | 0040 | o0.797 0-436 | 0:081 ' 0-564
0-090 0-910 0-210 0-790 0-500 0+500

|

B = n(n —1)/4 and is always negative. In critical cases in the table ascend.

Notes on Table 6

Let successive values of a function, and its first and second differences be as follows:—

J-a
a
Jo d
b
fi €
¢
f2
Then to find the value f, at a fraction # of the interval from f; to f;, Bessel’s formula gives

fu=fo +nb +1ﬂ%——1)(d+e)

= f, +nb + B(d +¢).

The values of B are given here as a critical table. Choose the value of B corresponding to
the interval in which the required value of # lies.
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TABLE 7

o et/ elgg

deg x sin( 6 Zo)s ¥ sin( 6 sir)l ¥ o Y X ¥ % 1
360 |180°-- 3°54-8 0 0 0 0 | 1-00000 0 0-72917 | 0-70432
355 1 4°56-8'| —0-13062 | —0-01208 |  0-216 | —0-016 | 0-99705 | —0-00071 | 0-79449 | 0-75844
350 1 4°14-0"| —0-26017 | —0-01926 | — 0-819 | —0-068 | 0-98881 | —0-00279 | 0-85036 | 0-80213
345 1 2°50-2’| —0-37550 | —0-01861 | — 1-772 | —0-123 | 0-97574 | —0-00571 | 0-87949 | 0-81956
340 1 2939-9'| —0-48855 | —0-02274 | — 3-069 | —0-184 | 0-95792 | —0-00949 | 0-89340 | 0-82219
335 13°1-3"| —0-59155 | —0-03123 | — 4693 | —0-264 | 0-93562 | —0-01427 | 0-91143 | 0-82808
330 1 3931-3'| —0-68286 | —0-04202 | — 6-607 | —0-374 | 0-90937 | —0-02012 | 0-93367 | 0-83711
325 1 4° 0-7'| —0-76124 | —0-05339 | — 8777 | —0-517 | 0-87964 | —0-02701 | 0-96023 | 0-84915
320 1 4°23-9'| —0-82600 | —0-06353 | —11-161 | —0-693 | 0-84703 | —0-03484 | 0-99124 | 0-86409
310 1 4°33-5'| —0-91421 | —0-07289 | —16-409 | —1-112 | 0-77532 | —0-05251 | 1-06711 | 0-90196
300 1 3°92-4’| —0-95024 | —0-05601 | —22-027 | —1-515 | 0-69844 | —0-07080 | 1-16230 | 0-94901
290 — 0°54-8’| —0-93957 | +-0-01498 | —27-719 | —1-675 | 0-61999 | —0-08588 | 1-27754 | 1-00248
280 . 5°59-1'| —0-97994 | 0-10268 | —33-492 | —1-298 | 0-53921 | —0-09372 | 1-27754 | 0-95956
270 9°10+5'| —0-98721 |  0-15945 | —39-408 | —0-505 | 0-45550 | —0-09612 | 1-27754 | 0-90336
260 _11°58-4’| —0-96338 |  0-20430 | —45-275 | 4-0-591 | 0-37179 | —0-09422 | 1-27754 | 0-83995
250 —14°44-3'| —0-90878 |  0-23906 | —50-907 | 1-927 | 0-29079 | —0-08846 | 1-27754 | 0-76179
240 —17°43-7'| —0-82490 | 0-26371 | —56-122 |  3-440 | 0-21516 | —0-07930 | 1-27754 | 0-66130
230 _21°15-7'| —0-71890 | 0-27779 | —60-752 | 5-070 | 0-14737 | —0-06720 | 1-27754 | 0-52492
290 —95°52-6'| —0-57834 |  0-28054 | —64-640 | 6751 | 0-08973 | —0-05272 | 1-27754 | 0-32555

210 —32°47-6'| —0-42031 | 0-27081 | —67-647 | 8-411 | 0-04434 | —0-03654 | 1-27754 | 0
2073 | —35°11-8'| —0-37733 | 0-26615 | —68-245 | 8-814 | 0-03515 | —0-03231 | 1-27754 | 0-11725
205 —38° 2-7'| —0-33282 |  0-26045 | —68:778 | 9-200 | 0-02688 | —0-02805 | 1-27754 | 0-25746
2023 | —41°30-4’| —0-98658 | 0-25361 | —69-243 | 9-595 | 0-01957 | —0-02376 | 1-27754 | 042829
200 _45951-1'| —0-23822 | 0-24541 | —69-637 | ©9-969 | 0-01327 | —0-01947 | 1-27754 | 0-64121
1975 | —51°33-8'| —0-18693 | 0-23554 | —69:956 | 10-330 | 0-00803 | —0-01519 | 1-27754 | 0-91427
195 —59°41-2’| —0-13063 | 0-22343 | —70-195 | 10-675 | 0-00394 | —0-01096 | 1-27754 | 1-27754
192} [180°—73°25-9" | —0-06191 | 0-20810 | —70-342 | 10-999 | 0-00118 | —0-00680 | 1-27354 | 1-77956
190 85°25-3'| 1001856 | 0-23174 | —70-368 | 11-329 | 0-00007 | —0-00229 | 0-95422 | 1-90117
187} 74°43-7'|  0-06891 | 0-25239 | —70-301 | 11-693 | 0-00017 | +0-00290 | 0-63736 | 1-90117
185 66°54-0'| 0-11402 | 0-26731 | —70-164 | 12.083 | 0-00119 | 0-00861 | 0-38315 | 1-90117
1824 60°42-8'|  0-15623 | 0-27854 | —60-961 | 12-493 | 0-00307 |  0-01475 | 0-17449 | 1-90117
180 55°36-4'| 0-19648 | 0-28703 | —69-696 | 12-918 | 0-00578 | 0-02123 | 0 1-90117
170 41° 6-1']  0-34506 | 0-30103 | —68-062 | 14-696 | 0-02438 |  0-04954 | 0-48447 | 1-90117
160 31°24-7'| 0-47737 | 0-29152 | —65-588 | 16-483 | 0-05460 | 0-07988 | 0-78117 | 1-90117
150 23°59-9'|  0-59207 | 0-26399 | —62-367 | 18-158 | 0-09540 | 0-11036 | 0-98412 | 1-90117
140 17°48-9' | 0-68964 | 0-22164 | —58-510 | 19-622 | 0-14550 | 0-13935 | 1-13366 | 1-90117
130 12°19-8"|  0-76490 | 0-16708 | —54-134 | 20-793 | 0-20344 | 0-16546 | 1-24998 | 1-90117
120 7°10-4'|  0-81656 | 0-10277 | —49-378 | 21-607 | 0-26745 | 0-18749 | 1-34433 | 1-90117
110 206-1'| 0-84277 | 0:03093 | —44-387 | 22-011 | 0-33564 | 0-20437 | 1-42351 | 1-90117
100 ~3°9.1'|  0-84206 | —0-04637 | —39-319 | 21-967 | 0-40591 | 0-21523 | 1-49184 | 1-90117
9 — 8°54-7'| 0-81306 | —0-12749 | —34-339 | 21-447 | 0-47604 | 0-21929 | 1-55230 | 1-90117
80 —15°42+5"|  0-75369 | —0-21197 | —29-623 | 20-431 | 0-54363 | 0-21589 | 1-60695 | 1-90117
70 _924°39-3'|  0-65834 | —0-30217 | —25-366 | 18-892 | 0-60606 |- 0-20421 | 1-65729 | 1-90117
60 —39°14-6'|  0-50269 | —0-41062 | —21-844 | 16-768 | 0-65963 | 0-18276 | 1-70455 | 1-90117
575 |  —45°11°6'| 0-44249 | —0-44549 | —21-135 | 16-127 | 0-67080 | 0-17549 | 1-71599 | 1-90117
55 539327’ 0-35999 | —0-48730 | —20-528 | 15-428 | 0-68088 | ©0-16719 | 1-72732 | 1-90117
521 | —67°46-8'| 0-22046 | —0-53969 | —20-083 | 14-659 | 0-68878 | 0-15755 | 1-73853 | 1-90117
50 o — — ~20-040 | 13-860 | 0-69109 | 0-14684 | L 74963 ) 1-90117
: 0-56782 | 0-61700
474 | —67°44-4’| —0-62444 | 1-52558 | —19-923 | 11-477 | 0-69819 | 0-11385 | 0-57139 | 0-61700
45 ~53°97-6'| —0-93547 | 1-26237 | —18-721 | 9-304 | 0-7 954 | 0-08773 | 0-57495 | 0-61700
491 | —45°8-7'| —1-05386 | 1-05613 | —17-212 | 7-661 | 0-74436 | 0-06715 | 0-57849 | 0-61700
40 —89° 8-3'| —1-09568 | 0-88901 | —15-598 | 6206 | 0-77000 | 0-05065 | 0-58200 | 0-61700
35 —30°26+5'| —1-07258 | 0-63033 | —12-322 | 3-946 | 0-82047 | 0-02677 | 0-58000 | 0-61700
30 —924° 6-2'| —0-97836 | 0-43771 | — 9-234 | 2358 | 0-86681 | 0-01176 { 0-59597 | 0-61700
25 —18°54-0'| —0-84718 |  0-29005 | — 6-489 | 1-275 | 0-90727 | 0-00298 | 0-60295 | 0-61700
20 —14°15-7"| —0-69429 | 0-17648 | — 4-172 |  0-584 | 0-94091 | —0-00135 | 0-60994 | 0-61700
15 — 9°45-1'| —0-52816 | 0-09077 | — 2-336 | 0-188 | 0-96723 | —0-00268 | 0-61700 | 0-61700
10 — 4°15-1'| —0-35063 | 0-02607 | — 1-015 | 0-018 | 0-98591 | —0-00205 | 0-63096 | 0-62375
5 + 0°41-9'| —0-16599 | —0-00202 | — 0-240 | —0-005 | 0-99669 | —0-00061 | 0-67074 | 065546
0 39548’ 0 0 0 0 | 1-00000 0 0-72917 | 0-70432




102

tof}

0.3

05

04

0-2

o
| oo . !
W \J#\.._‘__ 4
r\“ o
//
\N ‘//
of
[+ 2} 0.2 C.5 0.4 0.8 0.6 0.7 0.8 0.9 1.0
x Lo
Fic. 1. Laminar flow aerofoil 13+0 per cent thick.
2.0
Upper
e C.=2+004
15 — e rU|:,|:>(-3r - 6 —
I ——-—C=
it 7'"—_:;"_"-—' ”””””” T T T T ower |~
-~ (T~
! pd T=~4
1O - ) "“‘\HLOWEI' NN“-s
// // Lower rw_:%
A S e = o
05 4 P o Upper
.
v
v
o / ——N 02
/ Slot Y
P . \\ 01
\\ o
//
\\ ;‘_‘/ i
o D o2 03 G 3 56 57 o8 55 oo
x

F1G. 2. Suction aerofoil with a single slot 815 per cent thick.

44



(186)

‘o)d'H Ssfv 63 089/S1 1M

192-%¢

o
=
z
-
w
]
z
®
=
[
»
el
w
w
&)
-
z

Sv

Fic. 3. Symmetrical suction aerofoil 31-2 per cent thick.

,_s_______a-ﬂ'““"’_—_—___-—‘— ——==C =0
L,,,o—-“’"’ﬂ C =0.884
/ ———
{
i
4 02
]
| == N
P 0.t
Slok
\ Y
/"}m o
Slok
\\ - o4
02
(¢} [*A] 0.2 0.3 0.4 05 e 0.6 0.7 0.& 0.9 i.0



R. & M. No. 2683

Publications of the
Aeronautical Research Council

ANNUAL TECHNICAL REPORTS OF THE AERONAUTICAL RESEARCH COUNCIL
(BOUND VOLUMES)—

1936 Vol. I. Aerodynamics General, Performance, Airscrews, Flutter and Spinning.
40s. (41s. 14.)
Vol. IL. Stability and Control, Structures, Seaplanes, Engines, etc. 50s. (51s. 14.)

1937 Vol. I. Aerodynamics General, Performance, Airscrews, Flutter and Spinning.
40s. (41s. 14.)
Vol. II. Stability and Control, Structures, Seaplanes, Engines, etc. 60s. (61s. 1d.)

1938 Vol. I. Aerodynamics General, Performance, Airscrews. 50s. (51s. 14.)
Vol. II. Stability and Control, Flutter, Structures, Seaplanes, Wind Tunnels,
: Materials, 30s. (31s. 1d.)

1939 Vol. I. Aerodynamics General, Performance, Airscrews, Engines. 50s. (51s. 14.)
Vol. II. Stability and Control, Flutter and Vibration, Instruments, Structures,
Seaplanes, etc. 63s. (64s. 24.) ,

1940 Aero and Hydrodynamics, Aerofoils, Airscrews, Engines, Flutter, Icing, Stability
and Control, Structures, and a miscellaneous section. 50s. (51s. 1d.)

1941 Aero and Hydrodynamics, Aerofoils, Airscrews, Engines, Flutter, Stability and-
Control, Structures. 63s. (64s. 24.) ’

1942 Vol. I. Aero and Hydrodynamics, Aerofoils, Airscrews, Engines. 75s. (76s. 32.)
-Vol. IL. Noise, Parachutes, Stability and . Control, Structures, Vibration, Wind
Tunnels. 47s. 64. (48s. 7d.)

1943 Vol. I. Aerodynamics, Aerofoils, Airscrews. 80s. (81s. 4d.)
Vol. II. Engines, Flutter, Materials, Parachutes, Performance, Stability and Control,
Structures. 90s. (91s. 64.)
1944 Vol. 1. Aero and Hydrodynamics, Aerofoils, Aircraft, Airscrews, Controls. 84s.
85s. 84.) , .
Vol. I1. FlEltter and Vibration, Materials, Miscellaneous, Navigation, Parachutes,
Performance, Plates and Panels, Stability, Structures, Test Equipment,
Wind Tunnels. 84s. (85s. 84.)

ANNUAL REPORTS OF THE AERONAUTICAL RESEARCH COUNCIL—

1933-34 1s. 6d. (1s. 84.) 1937 2s. (2s. 2d.) -
1934-85 1s. 64. (1s. 84.) 1938 1s. 6d. (1s. 84.)
April 1, 1935 to Dec. 31, 1936. 4s. (4s. 4d.) . 193948 3s. (3s. 24.)

INDEX TO ALL REPCRTS AND MEMORANDA PUBLISHED IN THE ANNUAL
TECHNICAL REPORTS, AND SEPARATELY—

April, 1950 . . . . . R.& M. No. 2600. 2s.64. (2s. 74d.)
AUTHOR INDEX TO ALL REPORTS AND MEMORANDA OF THE AERONAUTICAL
RESEARCH COUNCIL—
1909-1949 . . . . . R. & M. No. 2570. 15s. (15s. 34.)
INDEXES TO THE TECHNICAL REPORTS OF THE AERONAUTICAL RESEARCH
COUNCIL—
December 1, 1936 — June 30, 1939. R. & M. No. 1850. 1s. 34. (1s. 43d.)

July 1, 1939 — June 30, 1945. R. & M. No. 1950. 1s. (1s. 14d.)
July 1, 1945 — June 30, 1946. R. & M. No. 2050. 1s. (Is. 14d.)
July 1, 1946 — December 31, 1946. R. & M. No. 2150. 1s. 3d. (Is. 4}d.)
January 1, 1947 — June 30, 1947. R. & M. No. 2250. 1s. 34. (1s. 43d.)

July, 1951. : R. & M. No. 2350. 1s. 94. (Is. 104d.)
Prices in brackets include postage.

Obtainable from
HER MAJESTY'S STATIONERY OFFICE

York House, Kingsway, London, W.C.2; 423 Oxford Street, London, W.1 (Post Orders : P.O. Box 569, London, S.E.1) ;
13a Castle Street, Edinburgh 2; 39 King Street, Manchester 2; 2.Edmund Street, Birmingham 3; 1 St. Andrew’s
Crescent, Cardiff ; Tower Lane, Bristol 1; 80 Chichester Street, Belfast, or through any bookseller.

$.0. Code No. 23-2683

R. & M. No. 2683

™



